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E  CALCULATION  OF  COPPER  MATTE  BLAST- 
FURNACE CHARGES. 

By  H.  van  F.  FURMAN. 

le  few  years  ago  the  writer  published  a  paper  in  the  Quar- 

entitled  "The  Calculation  of  Lead  Blast-Furnace  Charges." 
•esent  article  may  be  regarded  as  a  supplement  to  the  former 
ind  has  been  written  more  for  the  student  than  for  the  practical 
irgist  who  is,  presumably,  familiar  with  these  elementary 
Ltions. 

problem  is  not  simple  owing  to  the  continually  varying 
tons  and  the  many  different  points  which  must  be  considered, 
»st  important  being  as  follows : 

The  charge  must  be  calculated  so  as  to  produce  a  slag 
will  be  good  both  from  a  metallurgical  and  an  economic 
>int.     A  good  metallurgical  slag  is  one  which  is  fusible,  is 

to  the  ores  to  be  smelted,  should  keep  the  furnace  in  good 

fon»  should  allow  a  good  separation  of  the  matte,  and  hence 

have  as  low  a  specific  gravity  as  possible,  should  be  low  in 

^pper  and  silver,  and  should  usually  permit  of  a  high  degree 

Icentration  of  the  copper  into  the  matte.     An  economic  slag 

jwhich  will  fulfill  the  above  conditions  and  at  the  same  time 

economic  mixture  of  the  ores  to  be  treated  so  that  a  mini- 
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mum  amount  of  costly  fuel  and  flux  will  be  required.  The  addi- 
tion of  flux  to  the  furnace  charge  not  only  increases  the  smelting 
cost,  as  for  each  pound  of  flux  required  one  pound  less  of  ore  can 
be  treated,  thus  involving  an  additional  labor  and  fuel  expense  for 
the  ore  smelted ;  but  it  diminishes  the  available  capacity  of  the 
plant. 

In  copper  matte  smelting  the  percentage  composition  of  the  slag 
is  not  of  the  same  importance  as  in  lead  smelting  where  the  metal- 
lurgist is  Restricted  to  certain  type  slags  of  fixed  chemical  compo- 
sition. The  lead  smelter  must  adhere  to  these  types,  which  have 
been  well  established,  in  order  that  economical  work  may  result. 
The  copper  metallurgist  is  simply  restricted  within  rather  wide 
limits  as  regards  the  percentages  of  slag  producing  elements  which 
may  be  present.  While  the  type  slags  of  the  lead  smelter  may  be 
used  in  copper  smelting,  they  are  generally  uneconomical  as  they 
are  quite  basic  and  require  a  large  amount  of  flux  for  their  produc- 
tion. They  fulfill  all  the  requirements  of  a  good  metallurgical  slag, 
but  in  most  localities  can  not  be  produced  without  the  addition  of 
considerable  limestone,  and  possibly  other  fluxes,  to  the  charge. 

The  limits  of  the  principal  slag  constituents  in  copper  matte 
smelting  may  be  stated  as  follows : 

SiOj 26  to  45%. 

AlaOg o  to  20%. 

FeO 28  to  65%. 

CaO o  to  28%. 

ZnO otoi4%. 

In  this  table  MnO  is  regarded  as  replacing  FeO,  and  BaO  and 
MgO  as  replacing  CaO.  Manganese  replaces  iron  and  renders 
the  slag  extremely  fusible ;  but  lies  *  considers  manganese  as  det- 
rimental on  account  of  its  tendency  to  carry  silver  into  the  slag. 
Church ,t  however,  does  not  consider  manganese  as  detrimental 
and  claims  to  have  made  slags  containing  over  43%  MnO  which 
were  remarkably  low  in  silver  (0.5  oz.  per  ton). 

The  presence  of  MgO  and  BaO  in  copper  slags  is  not  as  ob- 
jectionable as  in  lead  slags  where  under  4%  of  either  oxide  is 
generally  regarded  as  the  safe  limit.     Copper  matte  slags  have 

*  School  of  Mines  Quarterly,  Vol.  V.,  p.  217. 

f  Trans.  Am.  Inst.,  M.  E.,  Vol.  XV.,  p.  612.     School  of  Mines  Quarterly,  Vol.  V., 

p.  322. 
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been  successfully  run  with  as  much  ^s  12  ffo  o{  these  oxides.  The 
presence  of  BaO  is  objectionable  as  it  raises  the  specific  gravity 
of  the  slag.  The  presence  of  zinc  is  objectionable  in  both  lead 
and  copper  smelting,  as  it  has  a  tendency  to  render  the  slag  thick 
and  infusible  and  consequently  increases  the  slag  loss  in  valuable 
metals.  It  also  has  a  marked  tendency  to  increase  the  loss  of  sil- 
ver by  volatilization  during  the  roasting  or  smelting  operations. 
In  lead  smelting  13^  of  ZnO  in  the  slag  may  be  regarded 
as  the  maximum  limit,  but  in  copper  smelting  slightly  higher 
limits  have  been  reached.  All  slags  contain  other  constituents  as, 
Na,0,  KjO.  PbO,  Cu^S,  CaS,  etc.,  which  are  generally  present 
in  small  quantities,  so  that  the  sum  of  the  Si02,  FeO,  MnO,  CaO, 
ZnO  and  Al^O,  may  be  taken  as  forming  from  90  to  95  %  of  the 
slag,  except  when  much  MgO  or  BaO  is  present.  The  action 
of  alumina  in  these  slags  has  been  the  subject  of  much  specula- 
tion and  discussion  and  more  exact  information  on  this  important 
question  is  needed.  In  the  highly  ferruginous  slags  of  the  lead 
and  copf^er  smelter  alumina  usually  plays  the  part  of  an  acid,  but 
slags  are  occasionally  encountered  in  which  the  alumina  is  pres- 
ent as  a  base. 

The  specific  gravity  of  the  slag  is  an  important  point.  The  loss 
of  silver  and  copper  in  the  slag  will  depend  largely  upon  the  dif- 
ference in  specific  gravity  of  the  matte  and  slag.  The  specific 
gravity  of  the  ordinary  matte  may  be  stated  as  from  5.0  to  5.5, 
whilst  that  of  the  slag  is  from  3.5  to  3.75.  It  is  essential  that  a 
considerable  difference  in  specific  gravity  (1.75  about)  should  ex- 
ist between  the  matte  and  slag  in  order  that  a  good  separation 
may  be  affected.  Of  course,  the  greater  the  difference,  other 
things  being  equal,  the  more  perfect  the  separation. 

Second,  The  furnace  charges  must  be  arranged  so  as  to  use  up 
the  ores  on  hand  and  the  daily  supply  in  about  the  proportions  in 
which  they  exist  This  requires  that  the  ore  buyer,  or  mine  super- 
intendent, and  the  metallurgist  should  keep  in  touch  with  each 
other  and  be  familiar  with  the  requirements  of  each. 

Third.  The  charges  must  be  calculated,  as  near  as  possible,  so 
that  the  resulting  matte  will  be  of  the  proper  grade  for  shipment  or 
for  its  further  metallurgical  treatment  at  the  works.  This  is  fre- 
quently a  question  of  great  importance,  as,  for  example,  suppose 
the  matte  is  to  be  treated  for  blister  copper  by  bessemerizing  at 
the  works.     In  the  United  States  it  has  not  so  far  proven  profita- 
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ble  to  bessemerize  mattes  containing  much  less  than  50  %  cop- 
per. When  the  matte  is  shipped  to  a  distant  refining  works 
for  further  treatment  the  freight  and  refining  charges  are  items 
which  cannot  be  disregarded  in  the  calculation  of  what  will  be  the 
most  profitable  grade  of  matte  to  produce.  The  percentage  of 
copper  in  the  furnace  charge  and  the  fall  of  matte  will  also  have 
an  influence  on  the  loss  of  silver  and  copper  in  the  smelting 
operation. 

Fourth,  The  amount  of  sulphur,  arsenic  and  antimony  which 
will  be  volatilized  in  smelting  is  of  the  greatest  importance  and 
upon  this  many  of  the  other  questions  will  depend  to  a  large  ex- 
tent. This  has  a  direct  influence  on  the  rate  of  concentration, 
the  grade  of  the  matte  and  the  consumption  of  fuel,  all  questions  of 
vital  importance.  This  factor  is  extremely  variable  the  amount 
volatilized  being  from  8  %  in  ordinary  matte  smelting,  to 
probably  90%  in  true  pyritic  smelting.  It  depends  upon  the 
construction  and  operation  of  the  furnace  and  upon  the  phys- 
ical and  mineralogical  character  of  the  ores.  Depending*  upon  so 
many  variable  considerations  it  is  impossible  to  formulate  any  rule 
which  will  serve  as  more  than  a  guide  in  the  calculation.  A  safe 
rule  can  only  be  arrived  at  after  the  furnace  has  been  in  operation 
for  some  time  and  after  numerous  experiments  have  been  made. 
Even  then  no  absolute  rule  can  be  formulated  as  conditions  will 
necessarily  vary  from  time  to  time.  In  connection  with  this  ques- 
tion it  should  be  remembered  that  for  pyritic  smelting  the  amount 
of  sulphur  consumed  by  oxidation  must  be  large.  True  pyritic 
smelting  requires  at  least  65%  of  pyrites,  or  equivalent  sulphides 
or  arsenides,  on  the  furnace  charge  in  order  that  suffiicient  heat 
may  be  generated  to  smelt  the  mixture.  It  is  true  that  partial 
pyritic  smelting  is  successfully  carried  on  with  a  smaller  per- 
centage of  pyrites,  using  carbonaceous  fuel  in  the  furnace,  and 
limestone  as  a  flux  to  supply  the  deficiency  in  basic  elements  on 
the  charge. 

Fifth.  The  character,  or  chemical  composition,  of  the  resulting 
matte  must  be  considered.  This  will  depend  upon  the  mineral- 
ogical character  of  the  ores,  the  volatilization  of  sulphur,  arsenic, 
antimony,  zinc  and  lead,  the  operation  of  the  furnace  and  the  char- 
acter of  the  resulting  slag.  As  these  are  all  variable  no  exact  rule 
can  be  formulated  for  the  determination  of  this  question.  Until 
the  works  have  been  in  operation  for  a  sufficient  time,  so  that  the 
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question  can  be  settled  by  frequent  analyses  of  the  matte,  the  fol- 
lowing rule  will  serve  as  a  guide : 

1.  From  the  total  S,  As  and  Sb  on  the  charge,  deduct  such 
amount  as  will  probably  be  volatilized  (in  ordinary  matte  smelting 
this  may  be  taken  as  io%).  The  balance  is  to  be  considered  as 
S,  etc.,  available  for  matte. 

2.  Calculate  all  of  the  copper  present  to  CU2S. 

3.  Calculate  three-quarters  of  the  lead  present  to  PbS. 

4.  Calculate  one-half  of  the  zinc  present  to  ZnS. 

5.  Calculate  the  remainder  of  the  available  sulphur  to  FeS. 
These  sulphides  will  usually  constitute  from  90  to  95  ^  of  the 

matte.  The  remainder  will  be  slag  mechanically  mixed  with  the 
matte,  probably  metallic  iron,  and  other  sulphides,  arsenides  and 
antimony  compounds.  The  matte  may  also  contain  sulphides  and 
arsenides  other  than  the  simple  ones  enumerated.  The  true  com- 
position of  matte  has  never  been  accurately  determined  and  a 
thorough  investigation  of  the  subject  would  be  of  great  benefit  to 
modern  metallurgy. 
The  calculation  is  illustrated  by  the  following  example : 

Analysis  of  Roasted  Ore. 
SiOj 259J 


0 


'0 


Fe       

Cu       10% 

Zn       4.5% 

Pb       3% 

S         7% 

Assuming  that  10%  of  the  sulphur  will  be  volatilized,  we  have 
6.3  parts  of  sulphur  available  for  matte  in  each  100  parts  of  ore. 


Mol.  Wt.  Cuj 

:  Mol.  Wt  CujS  —  Parts  Cu 

Parts   CujS 

126 

:            158            =          ID 

12.54. 

At.  Wt.  Pb 

:  Mol.  Wt.  PbS    =   ^  Parts  Pb 

:  Parts  PbS. 

207 

:           239            —        2.25 

:       2.59. 

At.  Wt.  Zn 

:  Mol.   Wt  ZnS  =   y^  Parts  Zn 

:  Parts  ZnS. 

65 

:            97            —         2.25 

:       2.35. 

The  sum  of  these  sulphides  is  18.48  parts.     This  less  the  sum  of 
the  metals  (14.5)  leaves  3.98  parts  of  sulphur,  which  combine  with 
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the  Cu,  Pb  and  Zn,  leaving  (6.3 —  3.98)  2.32  parts  of  sulphur  to 
combine  with  the  iron. 

At.  Wt.  S  :  Mol.  Wt.  FeS  =  Parts  S  :  Parts  FeS. 
32        :  88  =       2.32    :        6.38. 

If  we  assume  that  the  CjS,  FeS,  PbS  and  ZnS  constitute  go^J? 
of  the  matte,  for  the  parts  of  matte  produced,  we  have 

and  for  the  percentage  of  copper  in  the  matte 

27.6  :  10=  100  :  x\  jr=  36.2%. 

This  figure  is  too  high,  as  no  allowance  has  been  made  for  loss 
of  copper  in  the  slag. 

The  next  step  in  the  calculation  is  to  determine  whether  sufficient 
iron  is  present  to  form  a  good  slag.  For  iron  available  for  slag  we 
have  46  —  (6.38  —  2.32)  or  41.94  parts,  which  is  equal  to  53.9 
parts  FeO.  If  we  assume  that  the  SiOj  and  FeO  constitute 
90%  of  the  slag,  we  have 

'—  ==  89.66  parts  of  slag  produced. 

Its  composition  is  as  follows : 

This  shows  the  resulting  slag  to  be  somewhat  high  in  iron  and 
low  in  silica.  This  might  be  obviated  by  leaving  more  sulphur  in 
the  roasted  ore,  which  would  result  in  a  larger  amount  of  iron  going 
into  the  matte,  or  should  silicious  ores  be  available,  sufficient  silica 
in  the  form  of  ore  could  be  added  to  produce  a  slag  of  the  proper 
composition.  The  necessary  fuel  to  be  added  to  the  charge  will 
also  supply  some  of  the  deficient  silica. 

Sixth.  The  furnace  charge  should  have  the  proper  weight,  which 
will  depend  principally  upon  the  size  of  the  furnace  and  somewhat 
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upon  the  character  of  the  ores.  The  weight  of  the  charge  will 
have  a  direct  bearing  upon  the  practical  working  of  the  furnace. 
It  will  vary  from  2,000  to  4,000  pounds  according  to  the  conditions, 
tiie  proper  weight  having  to  be  determined  by  actual  experiment 
in  each  individual  case. 

Seventh.  The  amount  of  fuel  to  be  added  to  the   charge  and 
the  amount  and  composition  of  its  ash  are  important  points.    The 
amount  necessary  will  depend  upon  its  character,  the  character  of 
the  ores,  the  composition  of  the  slag  and  the  operation  of  the  furnace. 
In  ordinary  matte  smelting,  where  only  a  small  percentage  of  the 
sulphur   present  is   volatilized,   from    10  to  15%  of    good  coke 
will  be  required.     By  fuel  percentage  is  understood  a  percentage  of 
the  ore  and  flux  charge.    This  estimate  is  based  upon  a  good, 
firm,  porous   coke   containing  about    12%   ash.      As    the  per- 
centage of  ash  increases,  or  the  quality  of  the  coke  deteriorates, 
the  amount  used  must  be  increased.    As  the  amount  of  sulphur, 
arsenic  or  antimony  volatilized  increases,  the  percentage  of  carbo- 
naceous fuel  required  decreases,  until  in  the  case  of  true  pyritic 
smelting  no  carbonaceous  fuel  is  added  to  the  charge,  the  combus- 
tion of  the  sulphur,  arsenic,  etc.,  together  with  the  hot  blast  intro- 
duced at  the  tuyeres,  supplying  the  necessary  heat  units. 

Eighth.  The  loss  of  gold,  silver  and  copper  in  the  smelting 
operation  demands  consideration.  These  losses  will  vary  according 
to  the  grade  and  character  of  the  ores  and  matte,  the  character  of 
the  slag,  the  operation  of  the  furnace,  and  the  facilities  provided 
for  the  collection  of  flue  dust  and  fume.  In  true  pyritic  smelting, 
the  operation  being  one  of  oxidation,  the  losses  will  be  greaterthan 
in  ordinary  matte  smelting  where  the  action  is  reduction.  The 
presence  of  copper  in  the  charge  will  have  a  marked  effect  on  the 
gold  and  silver  losses,  even  small  amounts  having  a  marked  ten- 
dency to  increase  the  concentration  of  the  precious  metals  in  the 
matte.  In  ordinary  matte  smelting  the  loss  in  gold  should  be 
practically  nil  and  the  silver  loss  should  not  exceed  5%  of 
the  assay  value  of  the  ore.  The  copper  loss  will  depend  princi- 
pally upon  the  amount  and  character  of  the  slag  produced.  With 
ordinary  mattes,  containing  as  much  as  40%  copper,  a  good 
slag  should  not  contain  over  0.6%  copper.  Under  excep- 
tional commercial  conditions  it  may  prove  profitable  to  make  slags 
assaying  considerably  higher,  but  in  good  work,  and  under  ordi- 
nary  conditions,  the   slags  rarely   exceed   0.5%.     The   amount 
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of  zinc  present  may  largely  efTect  the  gold  aad  silver  losses.  The 
zinc  oxide  which  is  volatilized  invariably  carries  off  mechanically 
both  gold  and  silver.  These  losses  may  be  reduced  by  the  intro- 
duction of  proper  dust  and  fume  saving  apparatus,  but  cannot  be 
entirely  obviated.  Zinc  also  makes  bad  slags  and  hence  increases 
the  loss  of  gold,  silver  and  copper  in  the  slag.  The  production  of 
a  matte  of  as  high,  and  a  slag  of  as  low,  a  specific  gravity  as 
possible,  and  the  use  of  efficient  settling  and  separating  apparatus 
will  also  largely  determine  the  losses. 

The  calculation  of  the  charge  is  illustrated  by  the  following  ex- 
amples : 

Example  No.  i.  The  works  have  a  smelting  capacity  of  3CX) 
tons  per  24  hours.  Ore  A,  which  is  roasted,  is  practically  unlim- 
ited in  quantity  coming  from  mines  belonging  to  the  smeltingf 
company.  Ore  B  can  be  purchased  to  the  extent  of  75  tons  per 
day  and  at  a  fair  profit.  The  matte  is  shipped  and  sold  to  refin- 
ers.    The  assay  of  the  ores  is  as  follows : 


Cre. 

SiO.o/, 

Mo 

Cu% 

3 
h  10 

A 

2S 

46 

10 

B 

SO 
6 

5 

3 

Coke 

I 

(as 

Zn% 

1 
S%  A1A% 

1 

7 

CaO% 

Ag. 
Ozs.  per  ton. 

Au. 
Ozs.  per  ton. 

3 

»S 

0.5 

3          10 

12 

SO 

0.1 

%) 

2 
1 

I 

• 

Assuming  that  we  will  smelt  about  250  tons  of  ore  A  and  50 
tons  of  ore  B  per  day,  and  want  a  furnace  charge  of  about  3000 
pounds  we  have,  for  pounds  of  each  constituent  of  the  charge : 


Total 


Pb 

lbs. 

Zn 

lbs. 

75 
7S 

Slbs. 

»7S 
10 

1'^°' 

CaO 
lbs. 

Ozs. 
Ag 

Ozs. 
Au 

7S 

60 

4 
64 

18.75 

0.625 

SO 

12.50 

0.025 

185 

7 

0.650 

7S 

S7 

3»-25 

Pounds 
per  chaise. 


2500 
500 
360 
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Assuming  that  10  %  of  the  sulphur  is  volatilized,  we  have  166.5 
pounds  of  sulphur  available  for  matte.  Calculating  the  copper  to 
CujS,  two-thirds  of  the  lead  to  PbS  and  one-half  of  the  zinc  to 
Zns,  we  have 

126:  158  =  26s     :  or;  ;r  =  332.3  lbs.  CujS 
207:  239  =    SO     :  y\  y  ^=     ^7.7  lbs.  PbS 
65  :    97  =    37-S  :  e\  b  =    55-9  lbs.  ZnS 
352.5  445.9 

and  445.9 — 352.5=93.4  pounds  of  sulphur  combining  with  the 
Cu,  Pb  and  Zn.  This  leaves  (166.5 — 93.4)  73.1  pounds  of  sulphur 
to  be  calculated  to  FeS.    We  have 

32  :  88  =  73.1 :/;  /=  201  lbs.  FeS. 

Hence  for  iron  available  for  slag  we  have  11 79 — (201  — 731)  = 
1,051  |K>unds.  As  some  zinc,  lead,  copper,  and  small  amounts  of 
other  elements  which  are  usually  present,  pass  into  the  slag  the 
SiOj,  FeO,  CaO  and  AljO,  will  usually  form  about  93  %  of  the 
slag  constituents.  Hence  we  have  for  the  pounds  of  slag  pro- 
duced per  charge : 

897+1051X^+57+64 
^.93—       -        =2547. 

The  composition  or  the  slag  will  be  as  follows: 

2547  "     ' 

'.31'X'°°  =  S3.o%FeO. 
2547 

5.7  _X  LOO    _2.2%AU03. 

2547  /  -      8 

64  X  100  ^  ^   n  r^ 

"2547""    =2-6%  CaO. 

This  slag  should  run  well  and  give  a  good  separation  of  matte, 
but  is  somewhat  high  in  iron  and  low  in  silica.  Should  a  more 
acid  slag  be  desirable  it  may  be  obtained  by  slightly  increasing 
the  amount  of  ore  B. 


lO 
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Before  calculating  the  amount  and  the  composition  of  the  re- 
sulting matte  it  is  necessary  to  make  allowance  for  the  loss  of  cop- 
per in  the  slag.  Assuming  the  resulting  slag  will  assay  0.4  % 
copper,  we  have  10.2  pounds  of  copper  to  deduct  from  the  total 
copper  present,  the  remainder  being  that  going  to  form  matte. 
This  is  equivalent  to  12.7  pounds  of  CujS.  If  we  assume  that  the 
CujS,  PbS,  ZnS  and  FeS  form  93  %  of  the  matte,  we  have 


(445.9—12.7)+  201 
0.93 


=  682  lbs.  of  matte. 


The  percentage  of  copper  in  the  matte  is 

(265  —  10.2)  X  100 

682 =  37.3%. 

Allowing  for    a  smelting  loss  of  5%  silver  and  i^  gold,  we 
have,  for  the  assay  of  the  matte  : 

29.6875  X  2CXX)        ^       , 

-  ,g  =  87.00  ozs.  Ag  per  ton. 

0.6435  X  2000 

-  -     A02     "    =1.88  ozs.  Au  per  ton. 


Example  No.  2,  We  have  the  following  ores  to  smelt,  the  ca- 
pacity of  the  works  being  300  tons  per  day.  Ore  A  is  purchased 
at  a  small  profit  and  Stall  roasted. .  Ores  B  and  C  are  purchased 
at  a  good  profit,  and  whilst  ore  C  is  a  heavy  sulphide  the  local  con- 
ditions are  such  that  it  would  be  inadvisable  to  roast  it.  The  matte 
is  shipped  and  sold  to  refiners.     The  ores  assay  as  follows  : 


Ore 


B 


SiO,% 
10 

Fe/, 

55 
5 

35 

90 
15 

Cu%      S%    ,CaO% 


12 


Pb% 


Zn% 


Ag. 
Ozs.  per  doz. 


Au. 
Ozs.  per  ton. 


35 


Assuming  that  we  smelt  200  tons  of  ore  A,  50  tons  of  ore  B 
and  50  tons  of  ore  C  per  day  and  wish   about  3000  pounds  on  the 
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furnace  charge,  we  have,  for  the  pounds  of  the  different  constituents 
on  the  charge : 


Ore 

lbs. 
SiO, 

lbs. 
Fe 

lb». 
Cu 

240 

5 

25 
270 

lbs. 
S 

lbs. 
CaO 

lbs. 
Pb 

'  lbs. 
Zn 

1 
1 

30 

30 

Ozs. 
Ag 

• 

Ozs. 
Au 

Pounds  per 
eharge. 

A 

200 

1 100 

35 

140 !      i 

1 

5.00 
3.75 

0.300 

2000 

6 

450 

20 
20 

0.250 
0.125 
0.675 

500 

C 

75 
725 

125 

1 2  CO 

"75  i   25 

5.00 
13-75 

500 

Total 

315 

25 

5000 

Calculating  the  Cu  to  CujjS,  one-half  the  Zn  to  ZnS,  two-thirds 
of  the  Pb  to  PbS  and  assuming  that  80%  of  the  sulphur  is  available 
for  matte,  we  have 

CujS  pounds 338.5 

PbS         "  153 

ZnS         "  22.4 

FeS         "  478.8 


855.0 

Which  leaves  1215  pounds  of  FeO  available  for  slag.  If  the 
SiOj,  FeO  and  CaO  form  90%  of  the  slag  we  will  have  2,183 
pounds  of  slag  produced  per  charge  and  its  composition  will  be : 


SiOj 
FeO 
CaO 


33.2% 

55.6% 

1.2% 


This  slag  is  slightly  basic  hence  the  weight  of  ore  B  might  be 
increased  to  advantage.  Using  700  of  ore  B,  we  will  have  2,397 
pounds  of  slag  produced  per  charge  and  its  composition  will  be: 


SiOa 
FeO 
CaO 


37.8% 
51.1% 

1.1% 


If  the  slag  assays  0.5%  copper  and  the  CujS,  PbS,  Zns  and  FeS 
constitute  93%  of  the  matte,  the  percentage  of  copper  in  the  matte 
should  be  27.4.  It  should  assay  32.6  ounces  silver  and  1.72 
ounces  gold  per  ton,  assuming  a  5  %  silver  loss  and  no  loss  in  gold. 
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Example  No.  j.  It  is  desired  to  erect  a  plant  for  the  concentra- 
tion of  the  copper  and  silver  contained  in  an  ore  of  the  composi- 
tion given  into  a  matte  for  shipment.  Upon  roasting  at  a  cost  of 
$  I .  per  ton  the  ore  yields  a  product  of  the  composition  shown.  With 
coke  at  ;^8.  per  ton  the  estimated  cost  of  ordinary  matte  smelting 
of  the  roasted  ore  is  $4.  per  ton,  and  the  estimated  cost  of  pyritic 
smelting  of  the  raw  ore  is  ^53.25  per  ton.  Freight  to  the  refining 
works  on  each  ton  of  matte  is  ;^io.  Which  will  be  more  profitable, 
ordinary  matte  or  pyritic  smelting  ? 

Raw  Ore.  Roasted  Ore. 

SiOj IS    % 17.5% 

Fe 34    ^ 39.6% 

v/U 4.1  yc ^'7/0 

CaO 3    % 3.5% 

S 40    % 7    % 

Ag 200ZS 230ZS. 

One  ton  of  raw  ore  yields  i  ,720  pounds  of  roasted  product. 
We  will  assume  that  in  ordinary  matte  smelting  90%  of  the  sul- 
phur will  pass  into  the  matte,  while  in  pyritic  smelting  only  20^ 
of  the  sulphur  is  available  for  matte.  Calculating  the  charges 
as  before  and  assuming  that  the  CujS  and  FeS  constitute  95% 
of  the  matte  and  that  the  SiOj,  FeO  and  CaO  constitute  95%  of 
the  slag,  we  have, 

Pyritic  Smelting.        Matte  Smelting. 

Matte  produced  per  ton  of  crude  ore,  511  pounds.         361  pounds. 
Slag  "  "  "        "     969       **  1092      " 

Copper  in  matte, 15.2%    ....  21.6% 

Cost  of  smelting  per  ton  of  crude  ore,  ^3.25      ....  JI3.44 

'*     "  roasting         "  «        <«  ....  ^i.oo 

Freight  on  matte      "  "        "      $2.$$     •    •    •    .  ^1.82 

Total  cost, $5.80     ...    .$6.26 

The  slags  will  have  the  following  composition : 

From  Pyritic  Smelting.     From  Matte  Smelting. 

SiOj 30.9% 27.4% 

FeO 57.9% 62.0% 

CaO 6.2% 5 
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The  slag  resulting  from  pyritic  smelting  is  somewhat  the  best 
and  should  give  a  better  separation  of  matte  than  that  resulting 
from  the  matte  smelting  operation.  Taking  this  fact,  and  also  the 
loss  of  silver  in  roasting,  into  consideration  the  total  losses  will 

ft 

probably  be  about  the  same  by  either  operation.  With  such  an 
ore,  under  the  conditions  given,  pyritic  smelting  would  appear  to 
be  the  cheapest  process.  However  the  difference  of  jlo.46  per  ton 
in  favor  of  pyritic  smelting  would  probably  be  more  than  offset  by 
the  refining  charges  on  the  increased  amount  of  matte  and  in  con- 
sequence of  its  lower  grade. 


A  SIMPLE  APPARATUS  FOR  THE  MEASUREMENT  OF 

THE  INDICES  OF  REFRACTION  OF  SMALL 

CRYSTALS  BY  THE  METHOD  OF 

TOTAL  REFLECTION. 

By  a.  J.  MOSES  and  E.  WEINSCHENK. 

Although  the  determination  of  indices  of  refraction  by  the  method 
of  total  reflection  requires  only  one  natural  or  ground  surface  par- 
allel to  an  axis  of  elasticity,  and  although  the  method  is  applicable 
even  to  twin  crystals,  or  those  showing  parallel  growths  of  different 
refractive  power,  provided  only  that  the  surface  layer  is  homoge- 
neous, yet  the  method  is  not  generally  employed  by  mineralogists 
because  the  large  and  perfect  crystal  surfaces  required  rarely  occur 
and  can  be  prepared  only  from  a  few  minerals. 

Of  the  two  general  methods  the  Kohlrausch  employs  a  liquid 
of  higher  index  of  refraction  than  the  substance  tested,  and,  from 
variations  in  the  liquid  and  the  difficulty  of  exact  orientation  of 
the  surface,  is  only  applicable  for  approximate  determinations  ;  the 
other  method,  the  Wollaston,  which  substitutes  a  surface  of  polished 
glass  of  high  index  of  refraction  with  a  drop  of  strongly  refracting 
liquid  interposed  between  the  glass  and  mineral  to  displace  the 
thin  layer  of  air,  permits  of  the  determination  of  higher  indices  and 
is  independent  of  the  variations  in  the  liquid  employed,  but  re- 
quires large  surfaces  and  the  manipulation  is  difficult  and  tedious. 

The  problem,  therefore,  is  to  provide  an  apparatus  easily  ma- 
nipulated, accurate  and  rapid  in  adjustment,  not  injuriously  affected 
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by  the  heat  of  the  flame  used,  and  available  for  small  faces ;  these 
advantages  we  claim  for  the  apparatus  here  described  and  figured. 


The  apparatus  is  constructed  as  an  attachment  to  the  Fuess  No.  2 
Goniometer,  Figs.  I  and  2  show  the  crystal  carrier,  the  pin  a  fits 
in  place  of  the  pin  of  the  usual  crystal  plate  of  the  instrument 
the  collar  b  insures  a  firm  bearing  and  provides  space  below  c  for 
the  rimmed  asbestus  plate,  shown  in  Fig.  5,  forming  the  bottom  of 
the  box.  The  brass  piece  c  carries  a  bent  steel  rod  d,  the  vertical 
upper  portion  of  which*  has  the  section  shown  at  m.  Upon  d  slides 
the  horizontal  arm  h  which  may  be  clamped  at  any  desired  height 
by  the  screw  (.  Through  the  arm  h  passes  a  vertical  rod  e  which, 
by  loosening  the  screw  k,  may  be  turned  as  desired,  e  is  split  verti- 
cally from  below,  and  one  side  is  made  longer  than  the  other,  and 
bent  as  shown  at  g  to  serve  as  a  carrier  for  the  control  mineral. 

The  mineral  to  be  tested  is  fastened  to  the  little  square  plate _^ 
and  the  pin  of  this  is  thrust  into  a  hole  in  the  split  rod  e,  which  holds 
it  as  in  a  spring  and  it  can  be  easily  turned  in  its  own  plane  as 
desired.  The  plate/ and  the  end^  are  cross  hacked  for  the  better 
adhesion  of  the  mineral. 

The  little  glass  vessel  B,  (Figs,  I  and  3)  for  holding  the  refract- 
ing liquid,  consists  of  a  plane  parallel  glass  front  glued  f  to  a  little 
cylinder  which  has  been  ground  off  to  fit  it.  The  vessel  is  sup- 
ported by  the  metal  arm  A  {Fig.  3)  which  is  attached  to  the  sup- 
porting column  of  the  observation  telescope  by  a  screw  and  two 
little  pegs. 


*  In  a  second  apparatus  </is  made  straight  and  h  longer. 
f  A  solutinn  of  isinglass  in  acetic  acid  resists  the  solvent  action  of  the  liquidi 
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Fig.  3. 

It  is  essential  that  the.  centre  of  this  vessel  shall  be  closely  in 
the  centre  of  rotation  and  that  the  front  plane  surface  shall  be  ac- 
curately and  permanently  perpendicular  to  the  axis  of  the  telescope. 
This  adjustment  is  made  as  follows :  In  Fig.  4  the  larger  circle 
represents  the  Fuess  instrument  and  the  smaller  circle  the  vessel. 
The  collimator  is  at  A,  The  distance  from  the  centre  of  the  vessel 
^  to  the  plane  front  is  measured,  and  a  plate  of  glass 

(conveniently  a  cover  glass)  is  fastened  vertically  on 
the  crystal  plate  of  the  Fuess  instrument,  centered 
I'  and  then  made  eccentric  a  distance  equal  to  that 
measured.  The  telescope  is  then  clamped  oppo- 
site the  collimator,  the  plate  turned  to  some  posi- 
FiG.  4.  ^Jqjj  ^  ^  ai^d  a  reading  made.  Then  with  the  circle 
clamped  the  telescope  is  turned  till  the  signal  from  the  glass  plate 
is  visible  (/.  e.,  to  B)  then  further  through  an  arc  BC  equal  one- 
half  the  supplement  of  the  measured  angle  and  there  clamped. 
With  another  telescope  not  attached  to  the  apparatus  the  signal 
from  a  b\s  again  found,  the  glass  plate  removed,  the  arm  screwed 
on,  the  vessel  glued  to  it  and  during  the  hardening  of  the  glue  the 
vessel  adjusted  so  that  a  signal  from  its  plane  front  reaches  the 
auxiliary  telescope  and  its  centre  is  approximately  in  the  centre  of 
rotation. 

A  disc  of  metal  pierced  for  the  rod  e  may  be  used  as  a  cover 
for  the  vessel,  the  upper  edge  of  which  is  then  smeared  with 
grease,  but  it  does  not  appear  to  materially  affect  the  results. 

For  maintaining  a  fairly  constant  temperature  unaffected  by  the 
mass  of  metal  in  the  Fuess  instrument,  the  crystal  carrier  and  the 
glass  vessel  are  covered  by  a  cylindrical  box  Fig.  5  of  asbestus 
lined  with  thin  card.  The  box  is  pierced  at  the  top  by  a  ther- 
mometer reading  from  0°  to  50°C.  At  the  proper  height  an 
opening  is  made  for  the  telescope  and  another,  extending  over 
half  way  around,  for  the  admission  of  light.  The  latter  opening  is 
covered  with  a  glass  which  is  curved  to  fit.  The  box  is  held  in 
position  by  a  metal  band  and  arm  which  clips  the  telescope  as 
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shown  in  Fig.  5.  Beneath  the  box  and  serving  as  a  bottom  is  a 
round  plate  of  asbestus  paper  with  a  rim,  it  rests  npon  the  centre- 
ing apparatus  below  c  Fig.  i.  The  space  between  the  rim  and 
box  is  packed  with  asbestus  or  cotton  wool. 

The  processor  measuring  is  as  follows:  The  apparatus  is  ar- 
ranged by  the  eye  so  that  the  necessary  rotation  can  be  secured 
and  so  that  the  crystal  face  is  approximately  oriented,  then  the 
exact  adjustments  are  made  by  the  Fuess  telescope  and  centering 
screws.  The  little  vessel  is  then  filled  with  the  refracting  liquid, 
the  asbestus  box  fixed  in  position,  the  light  adjusted,  the  total  re- 
flection boundary  found  and  brought  to  coincidence  with  the  cross 
hairs  and  the  apparatus  left  with  all  lights  burning  for  one-half  hour 
as  the  readings  are  valueless  until  the  approximately  constant  tem- 
perature has  been  attained.  The  boundary  is  then  recentered  and 
a  reading  made.  The  readings  are  repeated  at  intervals  until 
constant,  then  the  light  is  moved  to  the  other  side  and  the  other 
readings  obtained.  The  control  mineral  {g  Fig.  I)  is  then  raised 
into  the  field,  centered  and  adjusted  accurately  without  in  any  way 
disturbing  the  vessel  or  asbestus  box  and  the  readings  for  this  are 
obtained  in  the  same  manner. 

From  these  readings  the  index  of  refraction  of  the  mineral  tested 
is  calculated  directly  by  the  simple  formula : 
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f  sin  t 
n-=z  n  -.     r- 
sin  r 

in  which 

i  =  half  the  angle  of  rotation  of  the  mineral  tested. 
7^  =    "     "        *«      ««         "        **     «'    control  mineraL 
fif  =  index  of  refraction  of  the  control  mineral. 

The  refracting  liquid  used  maybe:  Thoulet  solution,  Rohrbach 
solution,  a  mono-Bromnapthalin,  Methylene  iodide  alone  or  satu- 
rated with  iodoform  or  sulphur,  or  any  other  sufficiently  stable  and 
transparent  liquid  the  index  of  refraction  of  which  is  higher  than 
that  of  the  mineral  to  be  tested. 

For  a  control  mineral  fluorite  is  very  suitable  as  its  refraction  has 
been  very  carefully  determined,*  and  further,  as  it  is  isotropic,  has 
a  low  index  of  refraction  and  is  easily  obtained. 

We  claim  that  the  apparatus  has  the  following  advantages:  1°. 
A  rapid  and  accurate  adjustment  first  by  the  eye  then  by  the  Fuess 
telescope  and  adjusting  screws.  2°.  That  the  asbestus  box  makes 
possible  the  maintenance  of  a  constant  temperature.  3°.  That  by 
the  use  of  a  control  mineral  the  errors  due  to  variations  in  the 
liquid  are  eliminated.  4°.  That  very  small  faces  can  be  used  be- 
cause there  is  very  little  light  lost  and  there  are  no  interfering 
boundaries  from  other  surfaces. 

As  proof  of  the  justice  of  these  claims  we  submit  the  following 
examples : 

A  prism  face  on  a  quartz  crystal  from  Middleville,  N.  Y.,  with 
an  area  of  two  square  millimeters,  tested  in  methylene  iodide 
(CH3I2)  with  the  sodium  flame  gave. 

Reading. 


Time  of  Observation. 

Temperature. 

8.3s  adjusted. 

9.0s 

29° 

^^ 

28.7 

9-35 

28.2 

<( 

28. 

<( 

28 

« 

28.2 

10.00 

30 

(f 

29.8 

to 


ot 


M 


W 


262° 

3o'.S 

261 

49-5 

262 

30 

261 

49 

13s 

40 

13-6 

18.5 

135 

37 

136 

17 

*  See  Landolt  and  B5rnstein  Physikalisch-Chemische  TabelUn  385. 
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From  this  resulted  /.  =  \\(P  35'      i.  =  117°  114'^. 

The  control  mineral  (Fluorite)  yielded  i^=:  124°  20' 5^  and  as- 
suming the  index  of  refraction  with  sodium  flame  to  be  i. 43390 
and  substituting  in  the  formula 

£=1.5530     tt;=  1.5438 

These  results  compare  well  with  the  best  of  those  by  the  prism 
method. 

To  test  the  accuracy  with-  very  small  faces  a  narrow  face  of  a 
little  quartz  crystal  from  the  Scheelite  locality  at  Riesengrund  was 
tried.  The  face  was  approximately  i^X^  mm.  and  fairly  bright. 
From  this  we  obtained 

/,  =  116°  411^  4=  117°  2214 
from  which  resulted 

e=  1.5515      ^=  1.5420. 

Results  sufKciently  close  to  be  satisfactory,  though  not  equal  to 
those  from  the  larger  surface. 
Munich,  February  27,  1896. 


WALL  ACCRETIONS  OF  LEAD  BLAST  FURNACES. 

By  MALVERN  W.  ILES. 

In  the  metallurgical  treatment  of  all  metals  in  furnaces  designated 
as  blast  furnaces  or  cupola  furnaces,  there  will  ultimately  be  found 
accumulations  upon  the  side-wall  of  these  furnaces.  The  rapidity 
with  which  these  accretions  occur,  varies  very  greatly,  in  accord- 
ance with  the  nature  of  the  substances  treated,  and  the  manner  of 
conducting  the  work.  Generally  speaking,  such  substances  which 
are  found  to  be  volatile  or  which  are  susceptible  of  sublimation 
from  the  internal  heat  of  the  furnace,  are  most  prone  to  cause  these 
obstructions  which  are  known  by  the  lead  smelter  as  **  hangings,*' 

There  never  has  been  discovered  anything  which  will  prevent 
these  furnace  hangings,  and  from  the  very  nature  of  things  there 
never  will  be,  since  all  metals  and  metalloids,  when  subjected  to 
certain  given  conditions,  such  as  the  reducing  influences,  likewise 
the  oxydizing  influences  of  a  blast  furnace  will  always  deport  them- 
selves in  accordance  with  certain  immutable  laws  of  chemistry. 
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Much  thought  and  experimentation  has  been  given  to  these  wall 
accretions  by  metallurgists  with  a  view  of  entirely  preventing 
them ;  this  will  never  be  done  in  the  opinion  of  the  writer,  since  it 
necessarily  involves  a  change  in  the  laws  of  Nature. 

We,  however,  have  this  subject,  to  a  certain  extent  under  our 
control,  and  we  can  increase  or  decrease  these  troubles  by  a  proper 
comprehension  of  the  subject. 

By  a  careful  examination  into  the  causes  which  produce  these 
so-called  hangings,  we  are  led  to  make  the  following  statements 
with  reference  thereto  :  Zinc,  in  its  various  forms  and  combina- 
tions; is  one  of  the  chief  causes  of  these  accumulations.  Generally 
speaking,  by  an  increase  in  the  amount  of  zinc,  we  will  increase  our 
troubles;  yet  certain  salts  of  zinc  are  more  troublesome  than  others, 
for  example,  the  carbonate  of  zinc  gives  the  least  trouble,  whilst  the 
sulphide  of  zinc  gives  the  most  trouble;  particularly  is  the  sulphide 
troublesome  when  associated  with  galena  and  in  a  fine  state  of 
division. 

All  substances  which  produce  these  hangings  increase  the  rapidity 
of  the  hanging  according  to  the  sise  of  the  particles^  the  finer  the 
particle  the  more  rapid  will  the  hangings  grow  or  accumulate. 

Zinc  occurs  in  these  hangings  nearly  always  as  a  sulphide,  yet 
in  tlie  lower  portions  of  the  furnace,  where  there  is  a  direct  in- 
pingement  of  the  blast,  it  is  common  to  find  a  certain  limited 
amount  of  zinc  oxide. 

The  amount  of  zinc  which  occurs  in  these  hangings,  according 
to  the  experience  of  the  writer,  for  a  period  of  seventeen  years,  and 
which  includes  a  great  variety  of  forms  in  the  furnace,  likewise  a 
great  variety  of  conditions,  has  a  range  of  5.3  to  63.8%. 

The  general  average  of  all  determinations  during  this  period  is 
18.42%. 

This  average  was  determined  by  sampling  down  the  entire 
amount  of  accumulation  which  occurred  upon  the  walls  above  the 
water-jackets  which  rested  upon  the  furnace  crucible. 

Experience  has  shown  that  it  is  not  best  to  use  any  scrap-iron 
upon  heavy  zinc  charges,  since  it  is  well  known  that  heated  metallic 
iron  will  decompose  zinc  sulphide,  and  yet  some  of  the  best  results 
have  been  obtained  by  the  formation  of  slags  containing  consider- 
able iron,  existing  as  a  silicate  of  protoxide. 

Care  should  always  be  taken  to  lessen  the  amount  of  calcium 
oxide,  just  in  accordance  with  the  amount  of  zinc  which  enters  the 
charge. 
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Where  one  is  passing  much  zinc  into  the  slags  as  a  silicate,  con- 
stant watchfulness  is  necessary  to  carry  a  proper  amount  of  the 
alkaline  earths,  and  to  use  extreme  care  not  to  use  too  much. 

One  pound  of  ZnO  is  equivalent  to  0.691  pounds  of  CaO.  That 
is  to  say,  when  one  is  producing  a  slag  composed  essentially  of  a 
silicate  of  iron,  lime  and  zinc ;  then  as  the  zinc  increases  in  amount 
we  should  lessen  the  amount  of  lime,  according  to  the  saturating 
effect  it  has  upon  silicic  acid,  namely,  that  one  pound  of  CaO 
will  saturate  as  much  silica  as  0.691  pounds  of  ZnO. 

It  is  simply  wonderful  how  rapidly  hangings  will  accumulate 
if  one  uses  too  much  alkaline  earths  in  the  presence  of  much  zinc. 

As  zinc  is  the  chief  cause  for  the  hangings  occurring  on  the 
furnace  walls  of  lead  smelters,  we  deem  it  a  matter  of  much  im- 
portance to  fully  recognize  the  fact,  that  just  as  the  amount  of 
zinc  increases  upon  the  charge,  so  also  should  the  amount  of  lime 
be  lessened  upon  the  charge. 

The  following  little  table  has  been  of  great  aid  to  us,  viz : 


pound 


« 
«< 

a 


CaO.    Equivalence. 

AljOs  =  1.631  pounds  CaO. 

MgO  =  1.400 

Fe203=  1.050 

Zn      =  0.861 

FeO    =  0.780 

MnO  =  0.780 

CuO   =  0.704 

ZnO  =0.691 

BaO   =0.365 


a 
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In  order  to  see  what  are  some  of  the  other  causes  for  furnace 
hangings,  aside  from  zinc,  I  will  give  the  average  of  all  determina- 
tions which  I  have  been  able  to  accumulate  upon  these  barrings, 


viz: 


17.26% 

SiO, 

13.26  " 

Fe. 

1.60  *• 

Mn. 

3.30  " 

CaO. 

10.90  " 

S. 

18.42  " 

Zn. 

0.80  " 

Cu. 
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The  fire  assay  gave  as  a  general  average  of  17  years  tests : 

29.74  oz.  Silver  per  ton  (2000  pounds). 

24.06  fo  Lead. 

0.197  oz.  Gold  per  ton  (2000  pounds). 

By  physical  and  chemical  tests,  we  have  found  the  silica  to  exist 
both  as  free  silicic  acid,  which  has  become  mechanically  lodged  in 
these  hangings,  and  also  some  mechanically  lodged  silicates ;  in 
addition  to  this  the  writer  believes  that  there  is  a  certain  small 
amount  of  silicates  formed  within  the  furnace  which  becomes  baked 
upon  and  into  the  hangings.  The  iron  exists  in  the  hangings  as 
silicate,  oxide  and  sulphide.  The  sulphide  enters  into  the  hang- 
ing as  a  true  constituent  and  is  a  potent  factor  for  the  cause  of 
these  accretions,  whilst  the  silicate  and  oxide  are,  we  believe, 
merely  accidental  or  incidental. 

Manganese  exists  in  the  form  of  a  silicate,  or  ore  which  has  be- 
come entangled  into  the  hanging  by  entering  from  the  top  ledge 
of  the  hanging. 

The  CaO  exists  generally  as  such,  free  and  uncombined ;  there  is 
some  little  lime  existing  as  a  silicate  from  mechanically  lodged  slag, 
but  as  a  sulphide  there  is  the  merest  trace. 

The  sulphur  is  present  chiefly  as  a  sulphide  of  zinc  and  lead,  and 
this  forms  the  main  mass  of  these  hangings.  There  is  always  some 
sulphate  as  a  resultant  of  the  oxidation  of  the  sulphides  of  zinc, 
lead  and  iron.  We  have  already  spoken  of  the  condition  zinc  ex- 
ists in  these  hangings.  Copper  is  small  in  amount  and  does  not 
play  an  important  part,  but  is  known  to  exist  here  both  mechan- 
ically and  chemically  combined,  as  a  resultant  of  the  furnace  action. 

Aside  from  the  elements  which  we  have  determined  as  being  of 
commercial  importance,  there  are  doubtless  many  other  substances 
which  will  present  interest  only  from  a  scientific  standpoint. 

It  is  not  unusual  to  find  in  these  hangings  both  unconsumed 
coke  and  also  charcoal. 

Flue- dust  will  often  completely  cover  these  hangings  at  the  top 
and  under  favorable  conditions  will  become  baked  upon  these 
hangings. 

Cold  walls  primarily  form  or  start  these  hangings,  and  as  the  as- 
cending gases,  whilst  in  a  heated  condition  will  follow  the  paths  of 
least  resistance,  they  will  find  this  path  to  be  along  the  furnace 
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walls.  The  products  of  combustion,  whilst  in  a  gaseous  form,  will 
mingle  with  the  fumes  of  the  metals  and  metalloids,  and  deposit, 
mainly  upon  the  walls,  sulphides  of  zinc  and  lead,  and  these  two 
substances  form  the  nucleus  upon  which  many  other  substances 
become  chemically  and  mechanically  adherent. 

The  writer  has  from  time  to  time  observed  a  great  many  curious 
and  interesting  chemical  compounds  in  connection  with  a  study  of 
these  wall  accretions;  possibly  the  most  interesting  was  the  dis- 
covery of  chloro-bromide  of  lead,  which  showed  by  analysis : 

Pb— 63.729% 
Br— 25.321% 
CI— 10.345% 

The  formula  Pb  (Br  CI)  requires  Pb  64  1 86  and  (Br+ CI)  =35.814. 

This  interesting  substance  was  described  in  1881  in  ^^  American 
Cfiemical  Journal, 

Most  beautiful  iridescent  and  hopper-shaped  crystals  of  sulphide 
of  lead  have  been  frequently  observed  in  these  hangings,  and  we 
have  also  noticed  hollow  tubes  of  chemically  pure  sulphide  of  zinc 
occurring  in  hollow  pockets  cut  out  in  the  hangings  by  means-  of 
the  blast. 

We  have  also  found  beautiful  specimens,  both  of  realgar  and 
orpiment,  in  a  highly  crystalline  state,  in  the  main  body  of  these 
hangings. 

We  have  already  described  the  different  forms  in  which  these 
hangings  occur,  their  influence  on  the  production  of  an  increased 
amount  of  dust  and  fume,  and  many  other  interesting  facts  bearing 
upon  these  hangings  in  the  Engineering  and  Mining  Journal,  Feb- 
ruary 6,  1 886. 

So  far  as  tonnage  of  the  furnaces  is  concerned  these  hangings 
often  lessen  the  tonnage,  and  at  other  times  they  greatly  increase 
the  tonnage,  but  the  amount  of  fume  and  dust  is  always  greatly 
increased.  It  often  becomes  a  very  nice  point  to  decide  when  to 
cut  these  hangings  off,  and  how  much  to  cut  off,  and  how  often 
the  operation  is  to  be  performed. 

It  has  been  suggested  that  if  one  coated  the  inner  brick  walls 
with  a  good  heavy  coating  of  graphite  that  the  hangings  would 
not  form  so  rapidly.  The  writer  has  tried  this,  and  has  to  record 
a  complete  failure,  and  one  can  readily  se?  that  it  would  only  be  a 
very  short  time  before  the  abrasion  of  the  ore  would  wear  off  this 
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coating.     Galena  concentrates  has  a  wonderful  influence  in  caus- 
ing the  hangings  to  form  rapidly. 

Many  years  ago  at  Leadville,  Colorado,  it  was  observed  in  furnace 
charges  containing  practically  no  sulphide  of  lead  that  hangings  of 
sulphide  of  lead  would  be  formed  rapidly.  This  was  subsequently 
discovered  to  be  due  to  too  much  sulphate  of  lead,  which  had  been 
reduced  to  the  sulphide. 

It  has  been  frequently  suggested  that  it  would  be  a  good  thing 
to  carefully  note  the  daily  tonnage  of  a  furnace,  and  when  it  had 
reached  its  maximum  speed,  to  blow  out  the  furnace  and  imitate 
the  inner  lines  of  the  furnace  for  future  construction.  This  may  or 
may  not  be  a  valuable  suggestion. 

The  writer  has  noticed  that  just  as  the  size  (the  cubical  con- 
tents) of  the  furnace  has  increased  there  was  a  tendency  for  the 
hangings  to  leave  the  side  walls  and  to  fill  up  at  both  ends ;  in- 
variably will  there  be  found  more  hangings  in  the  back  end  of  the 
furnace,  that  is  to  say,  the  end  farthest  away  from  the  tap-hole. 

It  is  very  faulty  construction  to  abstract  the  gases  from  the  back 
t  end  wall  of  the  furnace.    The  good  old-fashioned  way  of  taking 

off  the  gases  as  nearly  from  the  centre  of  the  furnace  is  by  all 
means  the  best.  This  statement  we  are  lead  to  make  after  trying 
a  great  many  different  methods  at  different  times.  Finally,  we 
state  that  the  manner  of  feeding  the  charge  into  the  furnace  is  the 
most  potent  factor  bearing  upon  the  formation  of  hangings.  Whilst 
we  think  the  ore,  fluxes  and  fuel  should  be  uniformly  distributed 
over  the  entire  top,  yet  the  coarse  pieces  should  be  thrown  as 
nearly  into  the-  center  of  the  furnace  as  possible.  The  furnace 
drives  faster,  and  there  is  not  so  much  heated  gases  following  the 
side  walls,  hence  the  tendency  towards  hangings  is  very  much 
lessened. 


r 


HYDROGRAPHIC  SURVEYS  IN  MONTANA. 

By  a.  M.  RYON,  E.  M. 

This  work  has  been  in  the  past,  and  is  at  present,  being  carried 
on  by  the  United  States  Geological  Survey.  The  investigation  in- 
cludes the  examination  of  reservoir  sites  and  the  feasibility  of  using 
such  sites  for  increasing  the  available  water  supply ;  the  examina- 
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tion  of  underground  currents  and  artesian  wells  ;  the  measurement 
of  the  flow  of  rivers  and  streams,  and  the  preparation  of  reports 
upon  the  same. 

The  scope  of  this  article  will,  however,  be  limited  to  a  review  of 
the  work  done  and  the  methods  employed  in  the  measurement  of 
the  flow  of  rivers  and  streams  in  Montana. 

To  a  great  extent  the  value  of  stream  measurements  is  apparent 
to  any  engineer,  but  it  is  doubtful  if  those  unacquainted  with  the 
conditions  existing  in  the  arid  West  can  fully  appreciate  the  full 
importance  of  such  information. 

The  value  of  such  data  for  determining  the  available  water  for 
purposes  of  city  or  town  supply,  power,  and  for  irrigation,  is  ap- 
parent at  once  ;  but,  with  the  development  of  irrigation  projects 
which  in  many  communities  have  already  taxed  the  water  supply 
to  the  utmost,  many  new  problems,  not  yet  solved,  have  arisen. 
For  example,  streams  flowing  through  several  states  are  apt  to  be 
sources  of  contention,  owing  to  the  use  of  water  in  one  state  inter- 
fering with  claims  in  another;  trouble  of  this  nature  may  even  be 
of  an  international  character.  After  irrigating,  a  portion  of  the 
water  placed  upon  the  land,  which  has  not  been  used  in  contribu- 
ting to  plant-life,  will  eventually  return  to  the  river.  A  small  por- 
tion returns  as  rainfall  or  snow,  but  past  observations  indicate  that 
the  increased  precipitation  due  to  the  evaporation  of  water  used 
for  irrigating  is  insignificant.  The  amount  which  returns  to  the 
river  by  seepage  from  the  fields,  however,  is  undoubtedly  large, 
probably  in  the  vicinity  of  30  %  in  many  localities.  The  work  of 
river  flow  measurement,  carried  on  from  year  to  year,  will  do  much 
to  aid  the  solution  of  these  very  important  questions. 

The  importance  of  this  matter  may  be  further  understood  when 
it  is  remembered  that  the  effect  of  this  return  seepage  water  is  to 
steady  the  flow  of  the  streams  in  much  the  same  way  that  a  forest 
does.  In  the  arid  West,  where  the  majority  of  the  streams  have 
their  sources  in  mountain  torrents,  this  steadying  effect  is  obviously 
desirable. 

The  measurement  of  flow  in  many  instances  will  also  furnish 
data  concerning  the  effect  of  forest  denudation.  We  may  also 
learn  much  concerning  the  deposition  of  silt  and  the  scouring  effect 
of  the  different  velocities  under  a  variety  of  conditions. 

It  will  be  seen  from  the  above  considerations  that  the  work  of 
the  Hydrographic  Division  of  the  United  States  Geological  Survey 
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should  receive  encouragement  from  the  public  in  general  and  en- 
gineers in  particular.  It  may  be  of  interest  to  understand  the 
organization  of  this  department  and  how  the  work  is  carried  on. 

The  general  supervision  of  the  hydrographic  work  is  carried  on 
by  '*  the  Hydrographer/'  Mr.  F.  H.  Newell,  at  Washington ;  Mr. 
Arthur  P.  Davis  having  general  charge  of  stream  measurements  in 
the  West  and  Mr.  Cyrus  C.  Babb  those  of  the  Appalachian  area. 
The  immediate  charge  of  the  work  in  various  districts  is  in  the 
hands  of  parties  who  are  paid  merely  for  that  part  of  their  time 
which  is  actually  devoted  to  the  work. 

These  resident  hydrographers  are  usually  college  professors  or 
persons  having  a  personal  interest  in  work  of  this  nature,  but  who 
have  some  regular  outside  employment  insuring  them  a  livelihood. 
The  resident  hydrographers  establish  gauging  stations,  take  gaug- 
ings,  employ  observers,  keep  a  record  of  all  that  pertains  to  their 
district  and  report  to  the  hydrographer  once  a  month.  The  ob- 
servers notice  the  height  of  the  river  as  shown  on  a  gauge  post. 
The  readings  are  usually  taken  twice  a  day,  and  sent  to  the  resi- 
dent hydrographer  once  a  week. 

These  observers,  who  are  usually  railroad  section  foremen  or 
ranch  men,  receive  a  small  compensation.  The  resident  hydrog- 
rapher, after  copying  the  observer's  gauge  height  readings,  for- 
wards them  to  Washington.  At  such  times  as  the  resident  hydrog- 
rapher deems  it  desirable,  he  gauges  the  streams  at  the  various 
stations,  using  a  current  meter  for  the  purpose. 

Knowing  the  quantity  of  water  passing  a  given  station  for  dif- 
ferent  heights  ais  indicated  on  the  gauge,  it  is  an  easy  matter  to 
plot  a  curve,  which  will  indicate  the  quantity  of  water  passing  for 
any  intermediate  points.  From  the  curve  thus  drawn,  a  rating 
table  is  prepared,  which  shows  at  a  glance  the  amount  of  water 
passing  for  any  reading  of  the  gauge.  From  this  table,  knowing 
the  daily  gauge  heights,  the  daily  flow  is  obtained. 

This  sounds  very  simple,  but  in  a  stream  subjected  to  freshets, 
the  bottom  may  be,  and  frequently  is,  constantly  changing  ;  some- 
times scouring  and  sometimes  being  raised  by  the  deposition  of 
silt.  It  is  obvious  that  in  such  cases  a  number  of  rating  tables 
may  be  necessary  to  obtain  a  fairly  accurate  record  of  the  daily 
flow  for  the  year.  Such  a  stream  will,  of  course,  require  more  fre- 
quent gaugings  with  the  current  meter. 

The  resident  hydrographer,  if  familiar  with  the  characteristics  of 
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the  stream,  can  usually  tell  by  the  reports  showing  the  gauge 
heights,  at  what  times  it  is  advisable  to  take  gaugings.  If  he  is 
not  familiar  with  the  stream,  it  is  necessary  to  have  the  observer 
send  soundings  occasionally,  which  would  show  if  any  change  is 
taking  place  in  the  bottom. 

To  illustrate  this  point  we  may  cite  an  experience  of  the  writer : 
The  West  Gallatin  River  of  Montana,  showed  an  almost  constant 
gauge  height  from  August  i,  '95,  to  November  29th,  '95,  yet  the 
stream  was  constantly  decreasing  in  volume,  the  flow  decreasing 
from  1,160  cubic  feet  per  second  in  August  to  400  cubic  feet  per 
second  in  November.  The  bed  of  the  stream  in  the  meanwhile 
being  gradually  raised  on  an  average,  0.86  feet. 

The  methods  used  in  gauging  the  streams  differ  somewhat,  de- 
pending upon  the  conditions  found.  The  current  meters  used  in 
Montana  for  this  purpose  were  the  Price  meter  and  the  Haskell 
meter.  The  former  may  be  used  in  a  very  slow  current  and 
probably  has  an  advantage  over  the  latter  in  that  the  friction  of 
the  revolving  wheel  is  reduced  to  a  minimum,  thus  reducing  the 
chances  of  error  due  to  changes  in  the  lubrication,  from  cold  or 
other  causes.  The  Haskell  meter,  on  the  other  hand,  is  more 
compact  and  convenient  to  carry.  An  electric  battery  and  a 
register  are  used  in  connection  with  these  meters.  The  batteries 
are  apt  to  be  a  nuisance,  being  as  a  rule  cumbersome. 

A  small  bi-sulphate  of  mercury  battery  of  two  hard  rubber  cells, 
placed  compactly  in  a  box  about  2"  x  3"  x  4",  has  lately  been  used 
by  the  survey,  giving  fairly  satisfactory  results. 

The  registers  I  have  never  found  of  any  value  as  registers,  but 
quite  useful  as  sounders.  It  is  far  more  convenient  to  count  the 
clicks  than  it  is  to  read  the  number  of  revolutions;  for  this  reason 
ordinary  telegraph  sounders  are  frequently  used. 

The  gaugings  are  taken  from  a  bridge,  where  practicable  ;  or 
from  a  boat,  or  from  a  box  suspended  from  a  wire  rope  stretched 
across  the  stream. 

Where  a  wire  rope  is  used,  a  barbed  wire  is  stretched  alongside 
the  rope  and  tin  tags  are  attached  to  the  rope  so  as  to  mark  the 
stations.  The  box  is  attached  by  ropes  to  pulleys  running  on  the 
wire  rope ;  its  position  being  shifted  along  the  rope  by  the  occu- 
pant grasping  the  rope  overhead  and  using  main  force. 

A  ten  pound  weight  shaped  something  like  a  flat-iron  is  attached 
to  the  current  meter,  or  if  the  current  is  too  swift,  another  similar 
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weight  is  attached.  A  piece  of  sheet  brass  is  fastened  to  the 
weights  so  that  the  wedge  points  up  stream.  The  meter  and 
weights  are  suspended  by  the  insulated  wire  from  the  battery  and 
register;  but  if  two  weights  are  used  an  additional  cord  is  neces- 
sary. One  reading  is  usually  taken  a  few  inches  above  the  bottom, 
one  near  the  surface,  and  if  the  depth  is  over  four  feet,  or  the  cur- 
rent unusually  swift,  another  in  between. 

The  stations  are  usually  placed  ten  feet  apart  along  the  bridge 
or  wire  rope  ;  but  this  is  a  matter  where  judgment  must  be  used. 

Soundings  are  taken  half  way  between  the  stations  or  more  fre- 
quently if  the  depth  of  water  changes  abruptly.  The  entire  cross- 
section  of  the  river  is  in  this  way  divided  into  sections,  the  current 
meter  readings  being  taken  in  vertical  lines  through  the  middle  of 
each  section. 

The  average  velocity  shown  by  the  two  or  three  meter  readings 
taken  at  each  station,  multiplied  by  the  area  of  each  section,  gives 
us  a  close  approximation  to  the  amount  of  water  passing  at  that 
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section.  The  sum  of  these  quantities  gives  us  a  fairly  close  ap- 
proximation to  the  actual  discharge  of  the  stream. 

In  taking  meter  readings  it  is  convenient  to  count  the  revolu- 
tions for  fifty  seconds,  as  where  two  readings  are  taken  at  a  station, 
we  have  simply  to  add  them  together  and  point  off  two  places  to 
obtain  the  number  of  revolutions  per  second.  We  may  then  ob- 
tain the  velocity  of  the  current  directly  from  the  meter  rating 
table. 

A  simple  method  of  keeping  notes,  very  similar  to  the  one 
adopted  by  the  survey,  is  shown  below : 

Name  of  stream Total  flow 

Location  of  station  . Total  area  of 

Name  of  observer cross  section  .    .   . 
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Remarks. 


Temperature  of  water  50O  F.;  wind 
blowing  briskly  up  stream.  Condi- 
tions favorable  for  accurate  results, 
b.  stands  for  observation  near  the 
bottom,  t.  stands  for  observation  near 
the  top.  Note  :  The  number  of  the 
station  shows  its  distance  from  the 
starting  point. 


Near  the  gauging  stations  a  4^x4"  post  is  placed  so  as  to  be 
made  as  permanent  as  possible.  The  lower  part  of  the  post  is 
often  laid  sloping  for  convenience.  The  divisions  of  feet  and 
tenths  are  painted  in  black  against  a  white  back  ground  and  were 
subjected  to  the  continual  action  of  ice  or  water.  A  row  of 
tacks  are  used  to  prevent  obliteration.  The  posts  are  used  by  the 
observer  to  asertain  the  daily  height  of  water  in  a  stream,  and  set, 
referred  to  two  permanent  bench  marks. 

It  may  be  of  general  interest  to  know  something  of  the  dis- 
charge of  the  three  streams,  which,  coming  together  at  one  point, 
from  the  head  waters  of  the  great  Missouri  River. 

These  streams  vary  greatly  in  their  maximum  discharge  from 
year  to  year  as  well  as  from  month  to  month.     This  will  be  under- 
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stood  better  when  it  is  remembered  that  the  freshets  are  caused  by 
snow  melting  on  the  mountains  in  the  spring  season,  a  few  hot 
days  causing  a  rapid  rise.  Snow  which  has  fallen  during  the  early 
part  of  the  winter  and  has  become  packed,  melts  more  gradually 
than  the  loose  snow  recently  fallen.  So  that  the  character  of  the 
winter  weather  also  is  a  factor  in  the  spring  freshets. 

The  Madison  River,  having  its  source  among  springs  in  the  Yel- 
lowstone Park,  has  a  more  constant  flow  than  is  usually  found  in 
mountain  streams;  its  minimum  flow  during  the  year  1895  was 
about  1400  second  feet,  its  maximum  flow  about  3,900  second 
feet. 

The  Gallatin  River  had  a  minimum  flow  of  about  528  second 
feet  in  1895  and  a  maximum  flow  of  3,900. 

ITie  Jefferson  River  in  1895  had  a  minimum  flow  of  about  1,000 
second  feet  and  a  maximum  flow  of  about  4,000;  this  was  not  de- 
termined in  the  field. 

The  freshet  records  of  1895  are  chiefly  valuable  as  indicating 
what  may  be  expected  during  low  water  years. 

Ordinarily  the  rivers  are  much  higher  than  was  the  case  during 
the  spring  of  1895  ;  probably  it  would  be  safe  to  double  the  maxi- 
mum flow  as  given  for  the  Gallatin  and  Jefferson  Rivers,  to  obtain 
an  idea  of  the  ordinary  spring  freshets. 


THE  SECOHMMETER  AS  USED   IN  THE  ELECTRICAL 

ENGINEERING  LABORATORY. 

By  W.  H.  FREEDMAN,  C.E.,  E.E. 

When  a  current  in  a  circuit  is  increasing  or  diminishing,  it  ex- 
ercises an  inductive  effect  upon  any  neighboring  circuit ;  this  in- 
ductive  effect  being  due  to  the  change  in  the  magnetic  field  sur- 
rounding the  varying  current.  But  since  the  magnetic  lines  sur- 
rounding a  current  may,  as  they  move  inwards  or  outwards  from  the 
wire,  cut  across  other  parts  of  the  same  circuit,  it  is  evident  that  a 
current  may  act  inductively  on  itself,  producing  an  electromotive- 
force.  This  self-induced  electromotive-force  on  turning  the  current 
on  will  tend  to  oppose  the  current,  and  prevent  it  growing  as 
quickly  as  it  otherwise  would  do,  while  that  induced  on  stopping 
the  current  will  tend  to  help  the  current  to  continue  flowing.     In 
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either  case  the  effect  of  self-induction  is  to  oppose  change.  The 
coefficient  of  self-induction  or  the  induction  of  any  circuit  is  equal 
to  the  number  of  volts  of  induced  electromotive-force  when  the 
inducing  current  varies  at  the  rate  of  one  ampere  per  second.  The 
unit  of  induction  is  called  the  Henry;  so  that  a  coil  having  an  in- 
duction  of  three-tenths  of  a  henry,  means,  that  the  current  varying 
at  the  rate  of  one  ampere  per  second  would  produce  three-tenths 
of  a  volt  counter-electromotive-force  in  that  coil. 

Messrs.  Ayrton  and  Perry  at  one  time  proposed  the  name  of 
Secohm  for  this  unit,  since,  when  determined  by  ordinary  methods 
it  is  found  to  be  the  product  of  seconds  by  ohms.  They  also  in- 
vented the  secohm  meter,  a  device  which,  when  employed  in  con- 
nection with  a  Wheatstone  Bridge,  is  very  useful  in  determining 
these  inductive  effects.  The  instrument  consists  fundamentally  of 
two  rotary  commutators,  each  carrying  four  stationary  brushes  and 
both  placed  on  the  same  shaft,  thereby  compelling  synchronous 
rotation.  One  commutator  is  for  periodically  reversing  the  gal- 
vanometer connections,  and  the  other  for  reversing  the  battery 
connections. 

In  order  to  make  the  apparatus  more  durable  and  at  the  same 
time  decrease  the  difficulty  of  operation,  it  has  been  arranged  in 
the  following  way : 

Taking  a  one-sixth  horse-power  ten-ampere  series  motor,  the 
two  commutators  of  the  secohmmeter  are  placed  one  at  each  end 
of  the  armature  shaft.  The  commutator  brushes  are  small  cylin- 
ders of  carbon  bearing  radially  with  quite  a  little  pressure,  in  order 
to  insure  good  contact  and  at  the  same  time  furnish  a  load  for  the 
motor  so  as  to  keep  the  speed  within  bounds.  Care  has  been  taken 
so  that  the  brushes  do  not  short  circuit  the  battery,  thereby  en- 
abling the  use  of  a  chloride  storage  battery  for  generating  current. 

The  series  motor  is  run  from  the  i  lo  volt  circuit  through  a  par- 
allel lamp  bank.  By  screwing  in  or  out  lamps  the  speed  can  be 
varied  at  will.  A  revolution  counter  attached  to  one  end  of  the 
shaft  gives  a  simple  means  of  accurately  determining  the  speed 
whenever  desirable. 

To  Compare  two  Coefficients  of  Self-Induction. 

Connect  up  the  apparatus  as  in  Fig.  i.  Arms  r^  and  r^^  are  non- 
inductive  resistances  while  r^  and  r^^  are  respectively  composed  of 
some  non-inductive  resistance  in  series  with  one  of  the  coils  whose 
coefficients  are  to  be  compared. 
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Fig.  I. 


For  simplicity  suppose  that  the  two  commutators  are  replaced 
by  two  strap  keys.  First  balancing  the  bridge  in  the  usual  way 
for  steady  currents,  the  arms  are  so  arranged  that 


s 


Now  the  galvanometer-key  is  depressed  before  the  battery  key 
and  unless  the  impedances  of  the  inductive  arms  are  in  the  ratio 
of  /i  to  r,  the  galvanometer  needle  will  throw.  A  balance  can 
only  be  obtained  for  transient  currents  when 


A 


'» 
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The  equation  may  be  demonstrated  as  follows :  Let  c^  be  the 
current  through  r^  and  c^  that  through  r^  at  the  same  instant  /  after 
closing  the  circuit.  Then  since  no  current  traverses  the  galvano- 
meter when  a  balance  has  been  obtained  c^  and  c^  are  also  the  cur. 
rents  flowing  through  r,  and  r^  respectively.  At  this  instant  our 
equations  for  the  drop  in  the  different  arms  must  be 

c,H-i-L,^;  =  c,r,  +  L,-J  (2) 

From  Eq.  (i)  ^i  =^2  - 

Consequently  substituting  this  in  Eq.  (2)  it  becomes 

since  the  bridge  is  in  balance  for  steady  currents.     Differentiating 
Eq.  (i)  with  respect  to  /  we  obtain 

dt        rj  dt 


Therefore  Eq.  (3)  becomes 


^4  ^2 


(4) 


In  any  method  of  measuring  or  comparing  inductances  which 
depend  upon  a  bridge  balance  for  transient  currents,  there  is  a  cer- 
tain lack  of  sensitiveness.  In  gaining  a  balance  for  steady  currents 
a  very  small  deflection  of  the  needle  may  be  multiplied  and  so 
made  evident  by  properly  closing  and  opening  the  galvanometer 
key.  For  transient  currents,  however,  the  direction  of  the  throw 
of  the  needle  differs  upon  closing  and  opening  the  battery  key. 
In  order  that  the  multiplying  effect  may  be  obtained,  it  is  neces- 
sary to  reverse  the  galvanometer  terminals  between  each  closing 
and  opening.  The  closing  and  opening  of  the  battery  circuit  (or 
what  is  equivalent,  the  reversal  of  the  battery)  may  be  effected  in 
synchronism  with  the  reversals  of  the  galvanometer  by  means  of  a 
secohmmeter. 

Using  a  secohmmeter  connected  as  in  Fig.  i  we  see,  therefore, 
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that  to  keep  the  galvanometer  at  rest  whether  the  commutators  be 
rotated  or  not,  we  must  have  the  coefficients  of  self-induction  of  the 
coils  as  well  as  the  ohmic  resistances  in  those  arms  in  the  ratio  of 

The  method  of  procedure  adopted  to  fulfill  both  of  these  condi- 
tions is  the  following:  Place  r^^=ir^\  then  adjust  the  non-induc- 
tive resistances  in  r,  and  r^  until  a  balance  is  obtained  for  a  steady 
current,  z.  e.,  commutators  stationary.  Now  rotate  the  com- 
mutators and  note  the  direction  and  amount  of  the  galvanometer 
deflection. 

ITien  try  r^,  say  equal  to  $r^.  After  obtaining  a  new  static 
balance  for  this  ratio,  the  rotate  commutators  again  and  note  the 
deflection  of  the  galvanometer.  If  the  deflection  is  smaller,  but  in 
the  same  direction,  then  Z,  is  greater  than  5/^4,  but  if  the  deflection 
has  been  reversed,  then  Z,  has  a  value  between  L^  and  5^4.  If  the 
deflection  is  greater  than  before,  then  Z,  is  less  than  Z^. 

By  continuing  this  method  we  can  after  a  few  more  trials  se- 
lect such  a  ratio  that  the  galvanometer  will  show  no  deflection 
whether  the  secohmmeter  be  rotated  or  not  and  we  must  have  the 
coefficients  of  self-induction  of  the  coils  in  the  ratio  r^  :  r^. 

The  speed  at  which  the  commutators  revolve  need  not  be 
known,  but  the  greater  the  speed  the  more  sensitive  the  test ;  the 
rate  of  reversal  must  not,  however,  be  too  great  for  the  currents  to 
reach  their  steady  values  between  two  consecutive  reversals. 

In  order  to  increase  the  sensitiveness  of  the  bridge  keep  the 
ohmic  resistances  as  small  as  possible.  This  gives  more  promi- 
nence to  the  inductive  effects. 

Measurement  of  a  Coefficient  of  Self-Induction. 

If  in  the  preceding  method  giving  us  accurately  the  ratio  be- 
t\ireen  two  unknown  coefficients  of  self-induction,  one  of  these  co- 
efficients as  Z3  is  a  standard  of  self-induction,  the  equation  gives 
the  value  of  the  other.  Furthermore,  if  the  standard  is  capable  of 
having  its  inductance  varied  the  obtaining  of  a  balance  is  greatly 
facilitated.  Such  a  standard  is  shown  in  Fig.  2.  It  contains  two 
coils  without  iron,  joined  in  series;  one  of  them  fixed  and  the  other 
movable  about  a  vertical  axis.  The  inductance  of  the  two  de- 
pends upon  their  relative  position.  Calling  the  rotating  coil  A 
and  the  other  B  it  is  evident  that  the  maximum  inductance  is  ob- 
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tained  when  A  coincides  with  B  and  the  fidd  due  to  its  current 
reinforces  that  due  to  B.  A  smoothly  graded  variation  of  the  ii»- 
ductance  may  then  be  gained  by  revolving  the  coil  A  until  a  mini- 


mum value  is  reached,  with  A  at  i8o"  degrees  from  its  preceding 
position.  By  means  of  a  properly  graduated  circle  over  which  a 
pointer  attached  to  A  moves,  the  value  of  the  inductance  may  be 
read  directly  in  henrys  for  any  given  position  of  A. 

The  employment  of  tliis  standard  greatly  simplifies  matters  in 
determining  the  unknown  L^.  First  start  with  r,  =  r^  and  obtain 
a  steady  balance  with  the  standard  Z,  in  its  minimum  position. 
Rotate  commutators  obtaining  a  deflection.  Then  place  A  in 
such  a  position  till  deflection  is  reduced  to  zero.  If  Z.4  is  greater 
than  the  maximum  inductance  of  the  standard  it  will  be  impossible 
to  obtain  a  balance  for  transient  currents.  In  this  case  r^  must  be 
made  greater  than  r,  and  of  such  a  value  that  first  obtaining  a 
static  balance,  the  direction  of  the  deflection  corresponding  to  the 
minimum  and  maximum  values  of  L^  will  be  in  opposite  directions. 
Then  the  coil  A  is  turned  to  the  point  at  which  the  deflection  is 
zero,  when 

A=Ji.  (s) 
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Fig.  3. 

Connect  up  the  apparatus  as  shown  in  Fig.  3.  fj,  r^  and  r^  are 
non-inductive  resistances,  while  r^  is  the  coil  whose  coefficient  of 
self-induction  Zg  is  to  be  determined.  First  obtain  a  balance  for 
steady  currents  by  making 


8 


'2 


Rotate  the  commutators  at  some  constant  speed,  n  revolutions 
per  second.  This  will  cause  the  galvanometer  to  deflect,  and  this 
deflection  can  only  be  reduced  to  zero  by  changing  one  of  the  non- 
inductive  resistances  as  r^  a  certain  amount  a.    Then 
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Z  =  !:^^  (6). 

ra    n 

where  ir  is  a  constant  depending  upon  the  relative  position  of  the 
commutators  and  the  form  of  the  current  waves  in  the  bridge  arms. 
For  let  c^  and  c^  be  the  values  of  the  currents  in  arms  r^  and  r,  at 
some  time  t  after  the  circuit  has  been  closed.  Then  if  there  is 
a  balance  for  transient  currents  there  will  be  no  current  through 
the  galvanometer  and  c^  and  c^  will  also  be  the  currents  in  r,  and  r^ 
respectively.  At  this  instant  our  equations  for  drop  in  the  various 
arms  must  be 

c^r^=c^r^  (7) 

Dividing  Eq.  (8)  by  Eq.  (7) 

which  gives 

i:^5=5«rrx.  (9> 

at       fj 

because  of  ~  being  equal  to  -• 
^1  ^2 

Suppose  now  that  we  call  Q  the  maximum  value  of  Ci  and  Qi 

the  total  number  of  coulombs  that  pass  through  the  coil  Z,  from 

the  time  q  =  o  until  fi  =  Ci-     Evidently  then  at  any  moment^ 

Equation  (9)  may  therefore  be  written 

at       r^      dt 
If  equation  (lo)  is  true  the  definite  integral  of  both  members  must 
be  true.    Therefore 

If  the  upper  limit  to  be  taken  so  that  the  current  has  reached  its 
maximum  value  equation  (ii)  becomes 

LC^=^aQ^  (12) 

^       ^2 

In  this  same  length  of  time  t,  if  instead  of  having  the  current 
varying,  a  constant  current  C/,  equal  to  the  mean  value  of  c^  had 
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flowed,  then  the  same  number  of  coulombs  j2i  would  have  been 

transferred  or, 

Qx=Qt. 

Furthermore,  C'  will  be  approximately  a  constant  percentage  of 
Cx.     Now  if  the  commutators  revolve  at  n  revolutions  per  second 

then  /  =  —  and  Eq.  12  can  therefore  be  written 


or 


L=  Jiff  x-~x-/lf 

k 


r^    n 


Comparison  of  Capacities. 


(13) 


Fig.  4. 


By  arranging  the  connections  as  shown  in  Fig.  4  two  capacities 
can  be  compared. 
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ri  and  t^  are  non-indifctive  resistances,  while  F^  and  F^  are  the 
capacities.  Rotate  the  secohmmeter  and  then  adjust  ^i  and  r^  until 
there  is  zero  galvanometer  deflection,  when 


F^_r^ 


(14) 


F^      n 

It  is  to  be  noticed  here  that  the  capacities  will  be  inversely  as 
the  ratio  of  the  resistances  /.  ^.,  the  greater  capacity  will  be  in 
series  with  the  smaller  resistance. 

When  a  balance  has  been  obtained  the  equation  of  drop  must  be 

^in  =  C;rj  (IS) 

where  Ci  and  C^  are  the  currents  flowing  in  f^  and  ra  at  any  in- 
stant t  after  closing  the  circuit. 

If  Qi  is  the  final  charge  in  F^  and  Q^  that  in  /J  Eq.  (15)  may  be 
written 

Integrated  between  the  times,  zero  and  that  when  the  condensers 
are  fully  charged  we  have, 


'.x,#-'=.jr#* 


rxQ^=r^x  (16) 

When  the  condensers  are  fully  charged  we  will  have 

Q,=  EF^  (17) 

Q^=EF^  (18) 

where  E  is  the  electromotive-force  of  the  battery. 
Combining  Eqs.  (17)  and  (18)  with  (16) 

or 

F^—r^ 

As  in  case  of  comparison  of  inductances,  increasing  the  speed 
at  which  the  sechommeter  is  driven  merely  increases  the  sensi- 
bility of  the  test  without  affecting  the  ratio  connecting  the 
capacities  with  the  resistances. 

For  further  uses  of  the  secohmmeter  the  student  is  referred  to 
Electrical  World,  Vol.  XIII.,  p.  232 ;  Jackson's  Alternating  Currents, 
Vol.  11. ;  Gray's  Absolute  Measure^nents  in  Electricity  atid  Mag^ 
netism,  Vol.  II.;  Carhart  &  Patterson's  Electrical  Measurements; 
Munro  &  Jamieson's  Pocket  Book, 
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ANALYTICAL  CHEMISTRY. 

By  Elwyn  Waller,  Ph.D. 

Specirographic  Analysis.  Hartley.  (Proc.  Lond.  Chem.  Soc.  1896.  98.) 
la  order  to  determine  the  composition  of  a  coin  without  destroyin^^  it 
the  spark  spectrum  was  obtained  and  photographed.  Then  trial  alloy, 
were  made  and  the  spark  spectrum  of  these  obtained.  The  alloy  yield- 
ing an  identical  spark  spectrum  was  then  analyzed. 

Cofwerting  Sulphates  to  Chlorides.  Jannasch.  (Zts.  Anorg.  Chem. 
KII.  223.)  Pulverize  the  dry  salts,  mix  with  four  to  five  times  their 
weight  of  anhydrous  B^Og  and  fuse  until  SO,  fumes  cease  to  be  evolved. 
Then  boil  with  a  considerable  excess  of  HCl,  adding  methyl  alcohol  with 
HCl  two  or  three  times  to  volatilize  off  the  BjO,. 

GlasSy  attacked  by  *'  Magnesia  Mixture.**  De  Konnick.  (Chem.  Ztg. 
XX.  129.)  In  a  flask  of  Jena  glass  in  thirteen  months  the  loss  amounted 
to  1.5  mgms.  per  square  cm.  Magnesium  silicate  was  formed.  With  Stas's 
glass,  the  loss  was  under  i  mgm.  Ostwald's  method  of  treating  the  glass 
apparatus  with  steam  before  using,  appeared  to  render  the  glass  much 
less  susceptible  to  attack. 

Ammonium  Citrate  in  Fertiliter  Analyses.  Determination  of  neutrality. 
Lord.  (J.  Am.  Chem.  Soc.  XVIII.  457.)  Add  some  litmus  solution 
(prepared  according  to  Sutton),  to  100  cc.  of  water.  Divide  in  halves, 
and  place  in  two  Nessler  tubes.  Add  to  one  a  drop  of  H2SO4,  to  another 
a  drop  of  NH4OH.  Arrange  the  tubes,  one  in  front  of  the  other,  so 
that  on  looking  across  them  the  colors  are  superposed.  To  another 
Nessler  tube  add  5  cc.  of  the  citrate  solution,  litmus  solution  to  correspond 
to  that  in  the  first  pair,  and  water  to  bring  the  volume  up  to  50  cc. 
When  the  colors  correspond,  the  citrate  solution  is  neutral. 

Idme  and  Sulphuric  Acid.  "  Photometric  Method."  Hinds.  (Chem. 
News.  LXXIII.  285.)  By  precipitating  in  a  cylinder  such  as  a  Nessler 
tube,  and  measuring  the  depth  of  liquid  containing  suspended  precipitate 
w^hich  just  sufficed  to  obscure  a  candle  ffame  placed  about  a  foot  below 
the  bottom  of  the  tube,  surprisingly  close  results  were  obtained. 

The  product  of  the  multiplication  of  the  depth  of  liquid  into  per  cent. 
of  SO  3  was  found  to  be  a  constant,  which  when  once  obtained  for  any 
given  tube  will  serve  for  calculations. 

Standardizing  Permanganate  and  Sulphuric  Acid,  Morse  and  Cham- 
bers. (Am.  Chem.  Jour.  XVIII.  236.)  The  reaction  with  HjOjis: 
aKMnO^  -f  sH^O^  +  sHaSO^^K^  SO4+2  MnSO^  -f  SHjO  +  5O2.  It 
was  found  that  this  reaction  occurs  sharply,  so  that  when  a  perfectly 
neutral  solution  of  HjOj  was  used,  any  excess  of  KjMugOg  or  of 
Y^^SO^  (according  to  which  one  was  being  tested)  could  be  made  mani* 
fest.  The  HjOj  solution  was  made  neutral  by  agitation  with  ZnO  and 
filtering  through  asbestos. 

Ammonia  free  water  for  NessUrizing.  Barnes.  (J.  S.  C.  I.  XV.  254.) 
One  or  two  litres  of  ordinary  distilled  water  are  placed  in  a  stoppered 
bottle,  and  a  little  Br  vapor  is  then  poured  into  it.     After  shaking  the 
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water  should  be  just  perceptibly  tinted,  and  should  give  a  blue  coloration 
when  dropped  on  iodide  and  starch  paper.  One  drop  of  a  strong  solu- 
tion of  NaOH  is  now  added,  and  the  bottle  shaken  and  placed  aside  for 
ten  minutes.  Finally  one  or  two  drops  of  a  solution  of  KI  are  added, 
and  the  water  will  then  be  found  to  be  free  from  NH3  and  suitable  for 
Nesslerizing  purposes. 

Ammonium  Sulphide  Group,  Qualitative  Tests,  Tarugi.  (Gazetta. 
XXV.  478.)  Ammonium  ferricyanide  is  proposed  as  a  substitute  for 
(NH4)2S.  After  separating  Fe.Al,  etc.,  by  NH^OH  and  NH^Cl— the 
solution  is  boiled,  slightly  acidified  with  HCl,  and  after  adding  a  slight 
excess  of  (NH4)gFe2Cyi2  it  is  warmed  and  filtered.  CO,  Ni  and  Mn, 
are  precipitated.  From  the  filtrate  Ba,  Sr  and  Ca  are  separated  as  usual 
by  (NH^^gCOg.  Mg  by  (NH4)2HP04.  and  in  the  filtrate  from  that 
acidification  with  acetic,  will  precipitate  Zug  Fej  Cy^  3  if  Zn  is  present. 
The  precipitate  of  mixed  ferricyanides  is  treated  with  cold  NH4OH  which 
extracts  Ni,  (shown  on  acidification  of  the  filtrate).  In  the  residue  Mn 
may  be  detected  by  fusing  with  KNOg  and  NajCOg  or  by  PbOj,  etc. 
Co  by  the  bead  test  or  by  igniting,  dissolving  and  applying  the  KNOj  test. 

Iron  and  Alumina  in  Phosphate  Rock,  Gladding.  (J.  Am.  Chem.  Soc. 
XVIII.  717  and  721.)  The  acetate  method  is  accurate  if  three  precipi- 
tations are  made  in  presence  of  an  excess  of  phosphate.  Remove  any 
metallic  iron,  resulting  from  pulverization  in  iron  mortar  by  means  of  a 
magnet.  Digest  4  gms.  for  30  minutes  with  30  cc.  of  dilute  HCl  (i :  i) 
at  just  below  boiling.  Filter,  and  wash  into  a  200  cc.  flask,  add  HNO3 
and  boil  to  oxidize  Fe,  cool,  and  fill  to  the  mark  with  water.  Take  two 
portions  of  50  cc.  and  25  cc,  nearly  neutralize  each  with  strong  ammonia, 
finishing  the  neutralization  with  weak  ammonia.  Redissolve  the  precipi- 
tate with  as  little  HCl  as  possible.  Pour  the  cold  mixture,  with  stirring, 
into  15  cc.  NH4C2H2O2  (strong  solution)  with  5  cc.  HC2H3O2.  Di- 
gest at  60*^  C  for  30  to  60  minutes  until  the  precipitate  settles  well. 
Filter,  wash  once  with  10%  NH4C2H302»  dissolve  in  a  little  dilute  HCl 
back  into  the  original  beaker,  add  i  gm  (NH4)2HP04,  neutralize  and  pre- 
cipitate as  in  the  first  case.  Repeat  re-solution  and  re- precipitation  again. 
Wash  with  dilute  NH^CjHgOj.  Ignite  slowly,  finally  using  the  blast 
lamp  for  half  a  minute.  Cool  and  weigh  Al 2 (PO4) 2  with  Fe2  (P04)2 .  Fe 
is  determined  volumetrically  in  another  portion.  The  method  is  some- 
what tedious.  A  more  rapid  method  is  described,  similar  to  that  of 
Lasne  (vid  Quarterly  XVII.  312).  The  method  was  devised  and  has 
been  used  by  the  author  for  a  year  before  the  appearance  of  Mr.  Lasne's 
paper. 

Aluminum  Analysis.     Handy.  (J.  Am.  Chem.  Soc.  XVIII.  766.) 

As  solvents  may  be  used :  HCl  diluted  with  water  (i  :  2). 

"Acid  mixture,"  consisting  of  100  cc.  of  HNO3  (Gr.  1.42),  300  cc. 
HCl  (Gr.  1.2)  and  600  cc.  of  25  %  H2SO4. 

NaOH  solution  of  33%.  15  cc.  will  dissolve  i  gm.  Al. 

One  also  requires  standard  K2Mn20g  (5.76  gms.  in  2  litres), i  cc.i= 
0.005  Fe,  standard  KCy  (45  gms.  in  2  litres)  i  cc.  =  about  0.005  Cu. 
Also  powdered  Zn,  free  from  Fe  and  Cu. 

For  ordinary  commercial  aluminum  proceed  as'  follows :  In  a  4^ 
inch  evaporating  dish  dissolve  i  gm.  of  the  Al  drillings  in  30  cc.  of  ''acid 
mixture."  Do  not  add  all  the  acid  at  once  if  the  action  is  vigorous. 
Complete  the  solution  by  warming  and  then  boil  down  quickly  to  strong 
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SO3  fumes.  Attention  is  necessary  for  the  regulation  of  the  heat  when 
AI2  (§04)2  begins  to  crystallize  out.  Keep  up  the  heat  for  5  minutes 
while  SO3  tumes  are  strongly  evolved.  Allow  to  cool  a  little,  and  add 
75  to  100  cc.  HjO  and  10  cc.  of  25%  H2SO4,  break  up  the  residue 
with  a  stout  glass  rod,  and  boil  to  dissolve  Al 2(804)3.  Add  approxi- 
mately I  gm.  of  the  powdered  Zn,  pouring  it  into  the  middle  of  the  liquid. 
Keep  the  dish  at  60  to  70^  C.  until  the  Zn  has  dissolved,  leaving  Fe  re- 
duced and  Cu  precipitated.  Filter  and  titrate  filtrate  with  standard 
K2Mn203.  Change  the  receiver,  and  dissolve  the  Cu  through  the  filter 
by  use  of  two  lots  of  hot  15  %  HNO3  (by  vol.).  Wash  out  with  water, 
and  in  the  solution  determine  Cu  by  adding  saturated  NajCO,  solution  in 
excess,  until  re-solution  of  precipitated  CuCOg  in  the  NaHCOg  which 
is  formed,  and  then  titrate  with  standard  KCy. 

The  SiOj,  etc.,  from  which  the  Cu  was  dissolved  off,  is  fused  with 
I  gm.  NajCOj.  Dissolve  the  mass  out  with  15  cc.  of  water  in  the  dish 
in  which  solution  was  first  effected,  and  then  add  25  cc.  of  25  %  H2SO4. 
After  rinsing  out  the  crucible,  evaporate  to  5  minutes  fuming  on  the  hot 
plale,  cool  and  boil  with  about  100  cc.  of  water.  Filter,  wash,  etc., 
weigh  SiOj,  etc.  Expel  SiOj  by  HF  and  H2SO4,  ignite  and  weigh. 
Loss  is  SiOj.  This  is  the  ordinary  examination  for  grading  the  alumi- 
num. 

Graphitic  Silicon.  Dissolve  i  gm.  in  dilute  HCl  (i  :2)  in  a  platinum 
dish — add  about  2  cc.  of  HF,  stir,  and  filter  immediately  through  a  9 
cm.  paper,  in  a  funnel  lightly  coated  with  parafiine,  wash  with  water, 
then  fuse  the  paper  and  contents  with  i  gm.  NajCOj  and  continue  in  the 
same  manner  as  described  for  total  Si  above. 

Sodium.  Disiolve  i  gm  in5occ.  HNO3  (Gr.  1.3)  with  the  aid  ^f 
what  HCl  may  be  necessary,  rinse  into  a  large  platinum  disk,  and  evap- 
orate to  dryness  heating  over  a  burner  until  no  more  nitrous  fumes  are 
evolved.  Grind  the  residue  finely  and  treat  by  J.  Lawrence  Smith's 
method  for  alkalies  in  minerals.  (Fusion  with  i  gm.  NH4CI  and  8  gms. 
CaCOj  etc.),  weigh  NaCl  obtained,  proving  its  purity  carefully :  0.2%  of 
Ma  is  regarded  as  high. 

Carbon.  The  method  is  a  modification  of  Moissan's  (vid  Quarterly 
XVn.  312.)  Trituration  of  the  drillings  with  HgClj  and  water.  Dry 
and  volatilize  off  Hg  and  its  compounds  by  heating  in  a  current  of  H. 
Then  burn  to  CO 2  as  in  C  determinations  in  iron  and  steel. 

Aluminum,  Dissolve  i  gm.  in  30  cc.  of  HCl  (1:2)  and  evaporate  to 
complete  dryness,  redissolve  in  10  cc.  HCl  with  75  cc.  water,  rinse  into 
a  No.  3  beaker,  dilute  to  about  250  cc. — saturate  with  HjS,  filter  and 
then  boil  out  H2S,  add  i  cc.  HNO3  and  boil  10  minutes  to  oxidize, 
cool  and  make  up  to  500  cc,  take  out  50  cc,  precipitate  with  NH4OH 
and  boil  20  minutes,  wash  thoroughly.  It  is  necessary  to  wash  the  pre- 
cipitate off  from  the  filter,  break  it  up  and  wash  it  back  again,  ignite  in- 
tensely and  weigh  quickly.  AljOg  is  completely  dehydrated  with  diffi- 
culty and  when  dehydrated  reabsorbs  moisture  very  rapidly. 

Aluminum  Alloys.  An  alloy  containing  no  Zn  or  Ni  can  be  dissolved 
in  Z3%  NaOH,  the  Cu  etc.,  filtered  off  and  after  thorough  washing  the 
Cu  is  dissolved  through  the  filter  by  HNO3,  and  titrated  with  stand- 
ard KCy. 

Nl.  Alloys,  A  3%  alloy  is  now  used.  Dissolve  i  gm.  in  15  cc.  NaOH  as 
above.     Dilute,  filter  and  wash,  then  rinse  off  the  Ni  and  Cu  by  3  to  5  cc. 
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coQc.  HNO,  with  a  drop  of  HCl.  Boil  until  dissolved,  cool  and  make 
up  to  250  cc.  Take  100  cc.,  neutralize,  add  2  cc.  HCl,  precipitate  out 
Cu  by  HjSy  filter  that  off  and  determine  as  above  with  KCy,  oxidize  the 
filtrate  by  boiling  with  i  cc.  HNO3,  precipitate  with  NHjOH.  Keeping 
the  solution  for  a  few  minutes  at  just  below  boiling,  filter,  redissoive  in 
dilute  HNO,  and  reprecipitate ;  weigh  Fe^O,,  etc.  In  another  100  cc. 
precipitate  CuO,  NiO  and  Fe^O,  by  NaOU,  wash,  etc.,  and  weigh;  de- 
duct CuO  and  FejO,  and  get  NiO  by  difference. 

Mn,  Alloy.  Dissolve  i  gm.  in  HCl,  evaporate  down  with  HNO3,  pre- 
cipitate Mn  by  KClOg;  determine  by  Williams'  method. 

Cr.  Alloy,  Dissolve  i  gm.  in  dilute  HCl,  add  50 cc.  cone.  H2SO4  and 
evaporate  to  fumes,  dilute  and  boil — add  powdered  KjMn^Og  until  the 
solution  retains  a  pink  color,  boil  until  this  excess  is  decomposed,  filter 
through  washed  asbestos  and  determine  Cr  by  Galbraith's  method. 

W,  Alloy,  The  plan  pursued  is  essentially  the  same  as  that  for  Si. 
Solution  in  HCl,  evaporation  to  dryness,  fusion  of  the  insoluble  residue 
with  Na^COg,  dissolving  and  again  evaporating  to  dryness  to  separate 
SiO-  and  WOg,  finally  expelling  SiO  by  HF,  etc.,  and  weighing  WOg. 

li.  Alloy,  Dissolve  2  gms.  in  50  cc.  of  10^  KOH.  Dilute  to 
125  cc.  boil  up  and  filter  quickly.  Wash  ten  times  with  boiling  water. 
Burn  paper  in  porcelain  crucible,  crush  in  a  mortar  and  fuse  in  platinum 
with  10  gms.  KHSO4 — 10  minutes  at  a  low  heat  (lower  portion  of 
crucible  red  hot)  and  5  minutes  at  high  heat  (flames  enveloping  the  cru- 
cible) then  10  minutes  at  low  heat  again.  Cool,  dissolve  in  200  cc.  water. 
Filter — if  insoluble  portion  is  not  all  volatilized  by  treatment  with  HF 
and  H2SO4,  fuse  again  to  recover  I'iOj.  Make  first  alkaline  with 
l^H^OH,  then  acid  with  HjSO^,  dilute  to  300  cc.  Reduce  with  SOj  and 
boil  for  an  hour,  adding  SO  2  water  occasionally.    Filter,  etc. ,  weigh  TiO  ^  • 

Zn,  Alloy.  Dissolve  in  30  cc,  dilute  HCl,  dilute  to  200  re.  and 
separate  Cu  by  HgS  at  boiling  heat.  Filter,  oxidize  by  i  cc.  HNOg  and 
boiling,  neutralize  closely  with  NaOH,  add  10  gms.  NaCsHgOj  and  500 
cc.  water,  boil — redissoive  precipitate  and  repeat  basic  acetate  separation. 
Precipitate  Zn  from  filtrate  by  H2S,  ignite  to  ZnO  and  weigh. 

Directions  are  also  given  for  the  analysis  of  solders,  hydrated  and 
calcined  alumina.  Bauxite,  etc. 

Chromium  Hydroxide  in  Precipitation,  Patten.  (Am.  Chem.  Jour. 
XVIII.  608. )  Experiments  indicated  that  Qx^  (OH)^  precipitated  in  pres- 
ence of  sulphates,  retained  some  SOg  in  chemical  union,  not  simply  in 
"  molecular  adhesion  "  as  is  usually  asserted.  The  base  of  the  sulphate 
(KjO  or  MgO)  was  not  retained  by  the  precipitate. 

Chromium  in  Steel,  Stead.  (Jour.  Iron  and  Steel  Inst.)  Modification 
of  Galbraith's  process.  Dissolve  in  dilute  HjSO^  fuse  the  residue  with 
KNaCOg  dissolve,  acidify  with  HCl  and  titrate  with  standard  FeS04 
and  KjOgO^  solutions.  To  the  H2SO4  solution  (300  cc.)  strong 
KjMnjOg  is  added  until  the  red  color  persists  (hot)  for  10  minutes;  then 
80  cc.  HCl  is  added  and  it  is  heated  until  the  excess  of  KjMujOg  is  de- 
stroyed. 150  cc.  of  water  is  added,  about  100  cc.  boiled  off  to  expel  CI, 
and  the  solution  titrated  with  FeS04  etc.,  as  before. 

Another  method  consists  in  dissolving  in  HCl,  treating  with  Na202 
and  precipitating  by  use  of  Na2HP04  and  NagSjOg  then  fusing  the  Crj 
(P04)2  so  as  to  obtain  alkaline  chromate  acidifying  and  titrating  as 
above. 
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Chromt  Ore  and  Ferrochramium,  Sandifer.  (J.  S.  C.  I.  XV.  155.) 
For  chrome  ores.  Fuse  0.5  gni.  of  the  moderately  finely  ground  ore  in  a 
nickel  capsule  with  3  gras.  Na^O,,  holding  the  capsule  by  the  tongs 
in  a  flame,  giving  the  contents  a  circular  motion.  The  temperature  should 
be  just  short  of  visible  red.  Three  minutes  suffice  for  complete  decom- 
position. Cool,  dissolve  out  with  cold  water,  in  a  porcelain  basin,  pour 
the  solution  into  a  beaker,  rinse  out  with  hot  water,  dilute  to  about  300  cc. 
with  hot  water,  make  pink  with  K^MUjOg,  then  add  gradually  loocc  of 
dilute  HCl,  boil  until  clear,  add  150  cc.  of  hot  water  and  boil  again  for 
10  minutes  to  remove  CI — cool,  and  titrate  with  FeSO^  and  KjCr^O., 
(standard  solutions). 

For  Ferrochrome.  Crush  in  a  stpel  mortar  until  the  powder  will  pass 
a  100  mesh  sieve,  mix  0.3  to  0.5  gm.  of  the  sample  with  4  gms.  Na202 
and  0.75  gm.  BaOj  in  a  nickel  capsule,  the  rest  of  the  process  is  con- 
ducted as  for  ores,  except  that  a  larger  excess  of  Y^^xa^O^  is  added. 

The  author  takes  issue  with  Rideal  and  Rosenblum  (vid  Quart£RLY 
XVII.  313.)  as  to  the  presence  of  NajO.  in  the  solution  after  the  fusion, 
and  also  as  to  the  necessity  for  fine  grinding  of  ores  to  insure  complete 
decomposition. 

Rapid  Determination  of  Manganese  in  Ores,  (Sarnstrom-Swedish 
Method.)  Mixter  and  Dubois.  (J.  Am.  Chem.  Soc.  XVIII.  385.) 
Treat  0.5  grm.  of  the  ore  in  a  No.  o  beaker  with  15  cc.  HCl  (Gr.  i.i), 
boiling  until  the  residue  is  clear.  If  necessary,  fuse  up  the  residue  with 
Na^COg,  dissolve  in  HCl  and  combine  the  solutions.  Add  a  few  drops 
HNO3  ^^  insure  oxidation  of  FeO  and  C,  and  heat  for  a  short  time  to 
expel  lower  N  oxides.  Rinse  into  a  No.  3  breaker  or  a  flask,  fill  the  same 
about  two-thirds  with  boiling  water,  and  add  solid  Na2C08  or  NaHCOg 
in  quantity  just  sufficient  to  precipitate  all  Fe.  Use  a  solution  of  car- 
bonate at  the  end  to  avoid  having  an  excess.  Under  these  conditions, 
the  Mn  is  retained  in  the  solution  in  virtue  of  the  presence  of  the  COj* 
and  can  be  titrated  by  the  Volbard  method,  the  temperature  being  kept 
at  about  80°  C.  Filtering  oflF  the  Fe^  (OH)g  should  not  be  done. 
Where  the  percentages  of  Mn  are  high  (30  to  50),  the  results  are  low  as 
compared  with  gravimetric,  but  for  o.i  to  8%  Mn,  they  compare  satis- 
factorily. ♦ 

Voihards  Method  for  Manganese,  Stone.  (J.  Am.  Chem.  Soc.  XVIII. 
228.)  Dissolve  an  amount  of  material  containing  0.05  to  0.15  grm.  Mn 
in  small  excess  of  acid.  HNOg,  HCl  or  H2SO4  may  be  used  as  the 
solvent,  without  interfering  with  the  results  provided  the  iron  is  oxidized 
before  precipitation  and  titration.  Alloys  may  be  dissolved  in  HNOg  (of 
Sp.  Gr.  1. 10),  ores  in  HCl  with  a  little  KClOg.  Cool — rinse  into  a  500  cc. 
flask  and  add  emulsion  of  ZnO  until  the  precipitate  curdles,  dilute  to  the 
mark,  mix  well  and  pour  into  a  beaker.  When  it  has  settled  decant  off 
100  cc. — dilute  to  about  200  cc,  heat  to  boiling  in  a  porcelain  casserole, 
and  titrate  with  KjMUjOg  of  which  i  cc.  =0.001  grm.  Mn  (about  199 
gms.  KjMn^Og  per  litre),  stirring  vigorously  all  the  time. 

Manganese  in  Steel.  Volhard  Method.  Auchy.  (J.  Am.  Chem.  Soc. 
XVIU.  498.)  The  sources  of  error  in  the  method  as  described  by  Vol- 
hard are:  i.  Incomplete  neutralization  by  ZnO,  giving  high  results. 
2.  Too  sudden  addition  of  excess  of  ZnO  giving  low  results.  3.  Titra- 
tion in  HNOg  solution  giving  high  results  (by  o.oi  to  0.02%).  4. 
Neutralizing  by  ZnO  in  hot  solution  giving  high  results.     Special  treat- 
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ment  to  oxidize  the  carbonaceous  matter  was  not  found  by  Stone  to  be 
necessary.  The  author  confirms  this  view.  The  method  recommended 
is  in  brief:  Dissolve  3.3  gms.  in  50  cc.  HNO5  (Gr.  1.2).  Wash  into  500 
cc.  flask.  Neutralize  about  two-thirds  by  Na^COg  (sal  soda)  solution. 
Cool^  add  emulsion  of  ZnO  until  the  solution  stiffens,  avoiding  excess. 
Dilute  to  about  375  cc,  mix  and  let  stand  until  Fe^  (OH)^  begins  to 
settle.  Then  add  considerable  excess  of  ZnO  emulsion.  Mix,  dilute  to 
mark,  stopper,  mix,  transfer  to  dry  beaker,  mix,  let  settle,  pour  off  250 
cc.  Titrate  in  a  500  cc.  Erlenmeyer  flask,  after  heating  to  boiling.  Cor- 
rect for  impurities  in  ZnO  and  NajCOj.     Calculate,  ^^//«r/  0,02<fc. 

Cobalt  in  Presence  bf  Nickel.  Qualitative.  Durrant.  (Proc.Lond.Chem. 
Soc.  1896.)  Addition  of  excess  of  NaHCOg  (or  KHCOg)  solution  to 
a  Co  solution,  followed  by  HjOj  affords  a  green  liquid.  Possibly 
H2C0O4.  The  maximum  intensity  of  coloration  seems  to  appear  when 
molecular  proportions  of  Co  and  H2O2  are  as  i:  2.  The  probable  reac- 
tion is  :  C0CO3+  2  H202=H2Co04+  CO24-  H2O. 

Copper  Sulphide.  Brauner.  (Chem.  News.  LXXIV.  99.)  The  author 
has  found  that  the  precipitate  produced  by  HjS  in  Cu  solutions  is  never 
CuS  alone,  but  consists  of  CuS  with  CujS  combined  apparently  in  differ- 
ent proportions  according  to  the  conditions  produced,  together  with  some 
free  S. 

The  mode  of  examination  consisted  in  placing  an  un weighed  quantity 
of  the  precipitate  in  a  flask,  adding  water  and  some  KCIO3,  then  inserting 
a  small  test  tube  containing  fuming  HNO3.  ^^^er  stoppering  the  flask 
and  tying  the  stopper  down,  the  HNOg  was  tipped  out  little  by  little. 
When  all  action  in  the  cold  had  ceased;  the  stopper  was  removed  and  the 
oxidation  completed  with  application  of  heat.  The  solution  was  divided 
in  halves,  one-half  being  used  for  the  S  determination,  the  other  for  Cu. 

Separation  of  Copper.  Mawrow  and  Muthmann.  (Zts.  Anorg. 
Chem.  XI.  269.)  The  reagent  recommended  is  hypo-phosphorus  acid 
(H3PO2).  The  solution  had  best  be  that  of  sulphates.  HCl  is  in- 
admissible, the  nitrate  and  acetate  consume  much  of  the  reagent  or  are 
slow.  The  solution  should  be  diluted  until  100  to  200  cc.  contains  o.i 
gm.  Cu,  when  the  reagent  is  added  and  heat  is  applied  until  there  is  no 
more  evolution  of  gas,  and  the  m^tal  has  coagulated.  It  can  then  be 
filtered  off,  and  if  a  quantitative  determination  is  needed,  washed  with 
water,  then  with  alcohol,  etc.  The  reaction  affords  a  rapid  and  com- 
plete separation  from  Cd  or  Zn. 

Cyanide  Process  for  Copper.  Denig^.  (Bull.  Soc.  Pharm.  Bordeaux. 
1896.  18.)  Keeping  the  solution  boiling  throughout  the  titration  af- 
forded constant  results,  independent,  apparently,  of  the  proportions  of 
NH3  or  of  NH4  salts  present. 

Volumetric  for  Copper.  Splca.  (Staz.  Sper.  Agrar.  XXVI.  593.)-  Ti- 
tration is  performed  with  a  solution  of  ferrocyanide  8.4569  gms.  crystals 
per  litre  (icc.  =  0.0025  gm.  Cu).  The  end  reaction  is  obtained  by 
' '  spot "  tests  on  a  paper  which  has  been  wetted  with  Fe2Cl3 .  Ni  does  not 
interfere  unless  much  is  present.  Any  errors  of  the  kind,  however,  may 
be  obviated  by  separating  out  the  metal  as  CuS,  filtering  and  dissolving 
in  HNO3  ^"^^  titration. 

Volumetric  for  Copper.  Rupeau.  (Bull.  Soc.  Pharm.  de  Bordeaux, 
Oct.  1895.)  Ammonium  picrate  gives  a  precipitate  of  Cu,  insoluble  in 
ammonia.     Dissolve  7.5  gms.  picric  acid  in  hot  water,  add  30  to  40  cc. 
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of  ammonia  or  until  a  decided  odor  is  perceptible  and  then  make  up  to 
I  litre.  Let  stand,  filter,  and  then  standardize  by  use  of  a  solution  of  i 
gm.  of  pure  Cu,  dissolved  in  HNO3  and  made  up  to  zoo  cc.  Run  in  the 
picrate  solution  with  stirring,  until  the  supernatant  solution  shows  clear 
yellow  without  any  shade  of  green.  If  Ag  is  present,  add  ammonia  to 
the  solution  containing  the  Cu.  Fe  can  be  precipitated  out  by  ammonia 
before  proceeding  to  titrate.  Any  interference  caused  by  Pb,  can  be  ob- 
viated by  adding  a  little  tartaric  acid. 

Copper  by  the  Iodide  Method,  Low.  (  J.  Am.  Chem.  Soc.  XVIIL  458.) 
Instead  of  neutralizing  the  HNO3  solution  with  Na2COg  and  acidifying 
with  acetic,  an  excess  (6  or  7  gms.)  of  Zn  (C2H302)2  is  added  before 
adding  KI  (^  gms.)-  The  Na2S203  solution  is  made  up  with  19  gms.  of 
crystals  per  litre  i  cc.  =  about  0.005  g™*  C"- 

For  ores  it  is  recommended  to  decompose  with  HNO3  followed  by 
HCl,  then  to  evaporate  with  H2SO4,  filter  off  PbSO^  and  gangue,  and 
from  the  solution  to  precipitate  out  the  Cu  by  metallic  Al,  dissolve  this  in 
HNO3,  and  proceeding  with  the  usual  precautions — (boiling  out  lower 
oxides  of  N  etc.).  If  As  is  present,  it  must  be  oxidized  to  HjAsO^  by 
previous  boiling  with  a  little  KCIO3.  In  that  form  it  does  not  inter- 
fere. 

Oxygen  in  Commercial  Copper,  Blount.  (Analyst.  XXI.  57.)  The 
AgNOg  method  which  is  usually  used  gives  fallacious  results,  the  indica- 
tions of  the  process  disappearing  when  the  errors  are  eliminated.  The 
only  process  tried,  which  appeared  to  give  accurate  results  consisted  in 
melting  the  Cu  in  a  current  of  H,  and  weighing  the  water  formed. 
The  H  (generated  by  H2SO4),  is  passed  through  CUSO4  solution 
then  through  a  drying  tube,  containing  cone.  H2SO4  then  through  a 
bulb  tube  of  platinized  asbestos  heated  to  red  heat  to  remove  O  from  the 
Zn,  then  through  cone.  HjSO^  drier,  then  over  the  molten  Cu.  The 
latter  is  weighed  out  (10  to  15  gms.)  in  a  porcelain  boat  which  is  inserted 
in  a  porcelain  combustion  tube,  set  in  a  small  injector  furnace.  The 
connection  tube  to  the  porcelain  is  a  T-tube  one  arm  of  which  is  sealed, 
which  permits  the  observation  of  the  progress  of  the  operation.  The 
water  formed  is  caught  in  weighed  tubes  containing  H2SO4  and  pumice. 

Bismuth  Sulphide.  Stillman.  (J.  Am.  Chem.  Soc.  XVIIL  681.)  It 
is  found  that  61283  is  perceptibly  soluble  in  Na2S  solution.  In  cases  of 
analyses  of  <' magnolia  metal''  and  similar  alloys,  £i  might  entirely 
escape  determination,  if  NagS  were  used  to  separate  the  metallic  sul- 
phides. 

Mercury  by  Sodium  Peroxide,  Schuyten.  (Chem.  Ztg.  XX.  239.) 
Na^Oj  when  warmed  in  solution  with  Hg  salts  affords  metallic  Hg.  The 
plan  recommended  is  to  place  the  solution  of  the  salt  in  a  porcelain  dish 
which  may  be  covered  with  a  funnel  having  the  stem  turned  at  right 
angles.  Na202  is  added  little  by  little  to  the  contents  of  the  dish,  until 
no  further  precipitation  occurs,  when  it  is  covered  with  the  funnel,  and 
gently  warmed  until  steam  condenses  in  the  tube.  After  cooling,  the 
funnel  is  well  washed — the  Hg  filtered  off — dried  in  the  dark  and 
weighed.  The  halogen  present  may  be  determined  in  the  solution  by 
Volhard's  method. 

Volumetric  for  Lead,  Pope.  (J.  Am.  Chem.  Soc.  XVIIL  737.) 
The  method  consists  in  converting  the  Pb  to  PbS04  then  to  acetate — 
adding  an  excess  of  standard  KjCrgO^,  destroying  that  excess  with 
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standard  AsjO,  solution  and  titrating  the  excess  with  standard  I  solution 
by  Na^S^Og  and  starch  indicator. 

Alloys  of  Lead,  Tin^  Antimony  and  Copper,  Thompson.  (J.  S.  C. 
I.  XVII.  179.)  Preliminary  Qualitative  tests:  For  Pb:  Dissolve  in 
aqua  regia.  If  PbClj  does  not  separate  on  cooling,  test  further  by  add- 
ing 4  vols,  alcohol,  which  will  give  a  precipitation  of  PbCl,  if  0.5% 
or  more  of  Pb  is  present. 

For  Sn :  Dissolve  in  HCl  and  KCl.  Before  the  metal  has  completely 
dissolved,  decant  the  solution,  cool,  and  add  alcohol  as  above  to  separate 
PbClg,  oxidize  to  SnCl4  by  Br  water,  boil  out  Br,  dilute,  and  pass  HjS 
to  get  SnSj  with  its  characteristic  color. 

For  Sb :  Treat  with  cone.  HCl.  Almost  all  Sb  is  left.  Decant,  wash 
the  residue  well,  and  then  dissolve  it  in  HCl  and  KCIO3,  boil  out  free 
CI,  and  then  pass  H2S.  If  Cu  is  present,  the  color  of  the  Sb  precipitate 
may  be  obscured  by  the  black  of  the  CuS.  Extract  SbgSg  with  KOH, 
in  which  solution  (orange)  SbjS^  may  be  precipitated  by  acidifying. 

For  Cu  :  Dissolve  in  HNO3  and  evaporate  in  porcelain  dish.  When 
nearly  dry  the  salts  crystallizing  out  at  the  edge  of  the  residue  will  show 
the  green  of  Cu  salts. 

For  As  :  Dissolve  in  an  Erlenmeyer  flask  with  HCl  and  KCIO3,  boil 
out  free  CI,  add  HCl  and  2  gms.  NajSjOj,  connect  with  condenser  and 
distil.     Test  the  distillate  with  H3S  for  As  (yellow  AS2S3). 

For  Quantitative  analysis,  dissolve  in  a  solution  made  as  follows : 
20  gms.  KCi  in  500  cc.  H2O,  add  400  cc.  cone.  HCl,  mix,  and  then  add 

in  the  cold,  100  cc.  HNO3  C^'"-  ^•4)-  ^^^  ^  S™*  ^^  ^^  ^^^^y  ^^^^  7^ 
to  100  cc.  of  this  solution,  adding  more  of  the  solvent,  if  it  should  be 
found  necessary.  Boil  down  to  about  50  cc.  Cool  to  separate  PbClj  and 
add  gradually  too  cc.  of  95  %  alcohol.  Let  stand  20  minutes.  Alter, 
wash  with  alcohol  and  HCl  (4  to  i).     Redissolve  the  PbClj  back  into 

the  original  beaker  with  boiling  water,  finally  with  NH^A  add  15  cc. 
saturated  solution  of  K2Cr207,  heat,  filter  through  a  weighed  Gooch  cru- 
cible, wash  with  water,  alcohol  and  ether,  dry  at  100°  C.  and  weigh 
PbCrO^. 

Evaporate  the  filtrate  from  the  PbClj  to  dryness,  add  10  cc.  KOH 
(i  in  5)  and  after  a  few  minutes  20  cc.  of  a  3%  solution  of  H2O2. 
Heat  on  the  water  bath  for  20  minutes,  add  10  gms.  (NH4)2C204  10 
gms.  H3C2O4  and  200  cc.  of  water.  Heat  to  boiling,  pass  HjS  for  45 
minutes  at  that  temperature,  filter  at  once  and  wash  the  Sb2S3±CuS  with 
hot  water.  Boil  out  HgS,  concentrate  if  necessary,  and  electrolyze  over 
night  with  a  current  of  about  J^  amp.  By  morning  the  solution  is  us- 
ually alkaline,  indicating  that  probably  all  Sn  has  been  precipitated  on 
the  cathode  as  SnOg,  wash  with  water,  then  with  alcohol,  dry  and  weigh 
Sn02. 

Treat  the  Sb2S3  and  CuS,  with  10  cc.  KOH  solution,  avoiding  dilution, 
as  much  as  possible,  and  assisting  the  solution  of  the  SbgSg  by  heating. 
Filter  off  the  CuS  (which  may  be  accompanied  by  small  amounts  of  PbS), 
dissolve  it  in  HNO3,  (separate  Pb  if  desired  by  H2SO4  etc.),  and  de- 
termine Cu  by  standard  KCy. 

The  KOH  solution  containing  Sb  should  not  be  over  40  cc.  Add  50 
cc.  cone.  HCl,  and  i  gm.  KCIO3,  boil  out  free  CI,  filter  through  mineral 
wool  if  necessary,  cool,  add  i  gm.  KI,  i  cc.  CS2  and  titrate  for  Sb  with 
tenth  normal  Na2S203  solution. 
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As  is  detennined  in  a  separate  portion  by  the  method  sketched  out  for 
the  qualitative  examination.  If  any  is  present,  it  must  be  allowed  for 
in  reckoning  up  the  results  from  the  I  titration. 

Bi  and  Cd  would  go  with  the  Cu  as  sulphides.  Ni  or  Co  partly  with 
that  precipitate  and  partly  with  the  SnOj. 

Volumetric  for  Arsenic,  Engel  and  Bernard.  (C.  Rend.  CXXII.  390.) 
Render  alkaline,  and  concentrate  to  20  to  40  cc.  Add  three  times  its 
volume  of  HCl  (of  22°  B).  Then  add  a  decided  excess  of  hypophos- 
phonis  acid — 4  to  10  cc.  of  a  solution  of  35^  B,  according  to  the  pro- 
porticm  of  As  presumed  to  be  present.  Let  stand  1 2  hours,  warm  on  the 
water  bath — add  an  equal  volume  of  boiling  water — filter  and  wash  with 
boiling  water  until  all  acid  is  removed.  The  precipitate  is  As  in  the 
elemental  form.  Put  paper  and  all  in  the  vessel  in  which  precipitation 
was  effected  and  add  N/^  g  I  solution  from  a  burette.  When  the  solution 
holds  the  iodine  color,  ttie  stage  of  formation  of  AS2O3  has  been  just 
passed,  wait  two  or  three  minutes  to  allow  it  to  complete  itself,  and 
then  add  50  cc.  of  water,  and  10  cc.  of  a  saturated  solution  of  NaHCO,. 
Then  continue  the  titration  with  N/^  ^  I  solution  using  starch  for  the  end 
reaction  which  occurs  when  all  As  is  transformed  to  ASjOg — i  cc. 
N/j5  I  =0.0015  As. 

Arsenic  in  Alleys  of  Tin  and  Lead,  De  Koninck.  (Wed.  Tyds. 
Pharm.  VII.  330.)  The  alloy  is  placed  in  a  small  retort,  covered  with  a 
mixture  of  HCl  and  FcgCl^  solution,  and  slowly  distilled.  The  retort 
delivers  into  a  Peligot  bulb  tube  containing  a  little  water.  Very  little  H 
and  practically  no  As  H3  is  evolved.  After  distilling  nearly  to  dryness 
the  As  is  separated  and  determined  in  the  distillate  by  HjS. 

Arsenic  in  Presence  of  Selenium.  Dawydow.  (Chem.  Zt.  Rep.  XIX. 
70.)  Se  interferes  with  the  Marsh  test,  also  with  the  SnClj  test.  It  is 
recommended  to  separate  out  by  H^S,  filter,  dissolve  out  As 2 S3  with 
(NH4)2  COg,  and  thus  separate  the  As  before  applying  these  tests. 

Arsenic  in  Crude  Oil  of  Vitriol,  Hattensauer.  (Zts.  Angew  Chem. 
1896, 130.)  500  cc.  of  the  acid  are  diluted  with  the  same  bulk  of  water, 
and,  after  cooling  500  cc.  dilute  HCl  (i :  2)  are  added.  (This  will  hold 
up  PbSO^  or  PbS.)  H2S  is  then  passed  for  an  hour,  and  the  AsgSg 
filtered  off  for  determination.  The  precipitate  was  found  to  be  free 
from  Pb,  nor  was  the  the  filter  paper  attacked  in  experiments  with  the 
method. 

Antimony  in  Ores,  Etc.  Clark.  (J.  S.  C.  I.  XV.  255.)  The  fire 
assay  is  always  untrustworthy,  but  may  at  times  give  (by  accident)  nearly 
the  same  results  as  the  wet  analysis,  on  account  of  the  impurities  in  the 
button  obtained.  For  wet  analysis,  the  author  prefers  Mohrs'  titration 
method  (viz. ,  oxidation  by  N/^  ^  I  solution  in  alkaline  bicarbonate  solu- 
tion). The  ore  or  alloy  is  treated  with  HCl  so  long  as  there  is  any  action, 
then  solid  I  is  added  and  heat  applied  until  complete  solution  of  the 
metal  has  been  effected.  Boil  out  the  excess  of  I,  cool,  dilute  and 
add  a  little  starch.  If  any  blue  appears,  add  dilute  Na2S03,  drop  by 
drop  until  it  disappears,  then  add  Rochelle  salt,  render  alkaline,  add  ex- 
cess of  NaHCOj  and  titrate. 

Cu,  if  present,  causes  low  results.  In  that  case  it  is  best  to  precipitate 
out  both  as  sulphides,  dissolve  out  the  Sb2S3  with  KOH,  and  then  work 
with  the  Sb  thus  freed  from  the  Cu. 

If  As  is  present,  it  can  be  removed  by  boiling  down  the  HCl  solution 
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of  the  original  substance  to  one-third  its  bulk,  once  or  twice  with  strong 
HCl,  before  preparing  the  solution  for  titration. 

Reducinf^  Potassium  Platiti' Chloride,  Sonstadt.  (J.  Lond.  Chem.  Soc. 
LXVII.  984.)  Mixing  with  twice  its  weight  of  Hg  and  heating  carefully, 
will  afford  volatile  HgjClj  and  HgCl  2  together  with  the  excess  of  Hg,  and 
leave  behind  a  porous  mass  of  Pb  with  KCl,  which  latter  can  be  washed 
out  with  water.  Pure  Hg  will  afford  a  perceptible  precipitate  of  Pt  from 
its  salts  even  in  the  presence  of  3  million  parts  of  water. 

Selenium :  Gravimetric  Estimation,  Pierce.  (Am.  J.  Sci.  [4]  I.) 
Boiling  for  20  minutes  an  HCl  solution  after  adding  KI,  afforded  ele- 
mental Se  in  the  black  modification  which  could  be  filtered  on  asbestos 
felt,  washed,  dried  and  weighed.  When  less  than  o.i  gm.  of  Se  was 
present,  very  good  results  were  obtained ;  with  larger  amounts  some  KI 
appeared  to  precipitate  with  the  Se,  which  assumed  a  pasty  molten  condi- 
tion. If  the  dilution  was  made  very  considerable  (400  cc),  and  3  gms. 
of  excess  of  KI  was  used,  satisfactory  results  were  obtained  with  over 
0.4  gm.  Se  in  one  determination.  The  results  in  every  case  were  a  little 
high. 

Determining  Selenious  and  Selenic  Acid,  Gooch  and  Pierce.  (Zts. 
Anorg.  Chem.  XI.  249. )  The  methods  depends  on  the  following :  AsjO^ 
boiled  with  KI  and  H^SO^  affords  AsjOj  and  I  is  expelled.  SeOj 
boiled  with  KI  and  HjSO^  affords  Se  and  I  is  expelled.  If  a  mix- 
ture of  ASjOg  and  SeOj  is  boiled  with  a  limited  amount  of  KI,  say  suffi- 
cient to  reduce  the  major  part  of  the  AsjO^,  the  SeOj  reacts  first,  and 
less  AsjOg  will  be  formed.  The  amount  of  AS2O3  remaining  at  the  end 
of  the  operation  may  be  determined  by  neutralizing,  adding  KHCO3  and 
titrating  with  normal  I  solution.  The  conditions  therefore  required  are  : 
Addition  to  the  SeOj  solution  of  a  known  amount  of  KI ;  addition  of 
ASjOg  solution  in  amount  sufficient  to  react  with  the  KI  added,  acidifying 
with  H2SO4  and  boiling  gently  for  some  time.  After  boiling  down  from 
100  cc.  to  about  35  cc,  the  solution  is  cooled,  neutralized,  etc.,  as  sug- 
gested above.  With  SeOj  it  was  found  necessary  to  reduce  to  SeOj  be- 
fore applying  this  method.  Boiling  with  HCl  is  inadmissible  on  account 
of  the  volatility  of  AsClg.  Boiling  with  HBr,  is  not  open  to  this  objec- 
tion under  the  conditions  produced.  It  is  therefore  recommended  to  boil 
the  SeOg  solution  first  with  KBrand  HjSO^,  and  then  to  apply  the  treat- 
ment prescribed  for  determination  of  Se02. 

Electrolytic  Determination  of  Iron,  Nickel  and  Zinc.  Nicholson  and 
Avery.  (J.  Am.  Chem.  Soc.  XVIII.  654.)  In  separating  Fe  strong 
currents  and  free  NH3  favored  the  separation  of  C  along  with  the  deposit. 
This  did  not  occur  when  only  formates  or  oxalates  were  present.  The 
addition  of  borax  to  ammoniacal  oxalate  solution  greatly  facilitated  the 
precipitation  of  Fe. 

Separation  of  Ni  was  easily  effected.     No  C  was  found  in  the  deposit. 

With  Zn  the  deposition  was  readily  effected.  The  difficulties  en- 
countered were  chiefly  the  formation  of  a  spongy  deposit  and  liability  to 
oxidation.  These  were  prevented  by  the  use  of  formic  acid  in  the  solu- 
tion. 

Electrolysis  of  Solutions  Containing  Manganese  and  Tin,  Engels. 
(Zts.  Angew.  Chem.  1896.  238.)  The  addition  of  a  salt  of  hydroxylamin 
prevents  separation  of  Mn02.  To  the  solution  of  tin  salt,  cleared  by 
addition  of  a  few  cc.  of  oxalic  acid  if  turbid,  is  added  0.3  to  0.5  gm. 
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hydroxylamin  sulphate  or  chloride,  2  gms.  NH^CjHjOj,  and  2  gms. 
'H^C^lAfi^,  The  solution  is  diluted  to  150  cc,  warmed  to  60  or  70°  C, 
and  then  a  current  of  strength  ND^^^  z=o.99  to  i  amp.  passed  through 
it.  The  analysis  will  be  finished  in  three  hours  with  a  gramme  of  tin 
salt.  The  dish  should  be  covered  with  a  well-fitting  cover  to  prevent  loss. 
by  evaporation. 

Electrolytic  Separations.  Heidenreich.  (Ber.  XXIX.  1585.)  Ex- 
amination of  methods  recommended  by  £.  F.  Smith.  The  solutions 
were  uniformly  120  cc,  covering  100  cm.*  of  surface  (platinum  dish). 
The  details  were : 

Iron,  Solution  contained  50  cc.  10^  NagC^HgO^  and  2  cc.  10^ 
HgCgHgO-y.  Current  0.6  to  0.97  amp. ;  4.34  to  5.6  volts.  Time  4  to 
6^  hours.  With  a  solution  of  ferri  potassium  oxalate,  0.54  to  0.62  amp., 
4.5  to  5  volts.  Time,  7^  haurs.  In  both  cases  the  deposited  iron  con- 
tained a  little  carbon. 

Copper,  Good  results  were  obtained  in  a  solution  containing  Naj HPO4 
and  H3PO4  ;  2.4  to  2.6  volts.     Time,  17  hours. 

Cadnium.  No  satisfactory  results  could  be  obtained  either  with  acetic 
acid  solutions  or  with  phosphate  solutions. 

Silver,    No  success  with  phosphate  solutions ;  precipitate  spongy. 
Molybdenum,   Smith's  method,  of  separating  as  M02O3  and  then  oxi- 
dizing to  M0O3  for  weighing,  afforded  no  satisfactory  results.    Precipita- 
tion was  incomplete  after  85  hours,  and  losses  were  also  unavoidable  in 
oxidizing  to  M0O3. 

Uranium,     No  success  with  acetate  solutions. 

Separation  of  Pb  from  Hg.     Successful  with  a  solution  containing  20 
to  30  cc.  HNO3  (of  Gr.  1.3  to  1.4)  in  120  cc.     If  the  acid  was  weaker 
thePbOg  would  scale  off.     Current,  0.2  to  0.5  amp. 
Ag  from  Pb.     Unsuccessful. 

Cu  from  Zn.  With  about  4  cc.  of  HNO3  (Gr.  1.3)  in  120  cc.  the 
separation  was  successful,  provided  the  tension  did  not  surpass  1.4  volts. 
Most  of  the  Cu  separates  quickly.  The  complete  separation  required  18 
to  20  hours. 

Cu  from  Cd.  No  satisfactory  results  in  HNO3  solutions.  Smith  and 
Wallach's  method  with  cyanide  solution  was  not  tried,  as  the  tension  of 
the  current  is  not  given  by  them. 

Ag  from  Cu.  2  gms.  KCy  (and  in  one  case  6  gms.  KCy)  added  to 
the  solution  for  electrolizing ;  0.03  to  o.  19  amp. ;  i  to  1.39  volts.  Time, 
4  to  8  hours.  Satisfactory.  Rapidity  of  operation  increased  by  warm- 
ing to  65-75°. 

A%  from  Zn.  2  to  2.5  gms.  KCy  added  (double  cyanides)  j  0.02  to 
0.08  amp.;  1.8  to  3.15  volts.  Time,  15  to  20  hours  when  cold ;  6^^ 
hours  (at  60°).     Comment  similar  to  the  above. 

Hg  from  Zn.  Solution  of  double  cyanides;  0.03  to  0.08  amp. ;  1.65 
to  1-75  volts.  Time,  5  and  14  hours.  Easily  accomplished.  The  Hg 
and  KCy  cause  the  Pb  dish  to  suffer. 

Hg  from  Ni.  Solution  of  double  cyanides ;  0.03  to  0.08  amp,;  1.2 
to  1.6  volts.     Time,  5^  hours  or  over  night.     Satisfactory. 

Halogens  :  Indirect  Determination,  Schierholz.  (Monatsheft.  f.  Chem. 
XIII.  I-)  This  method  will  serve  when  the  proportions  of  the  halogens 
present  is  not  too  small. 
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Divide  the  (neutral)  solution  to  be  tested  into  two  equal  parts.  Titrate 
one  part  with  tenth  normal  AgNO,  as  usual.  Add  a  drop  of  HCl.  Filter 
off  and  weigh  the  precipitate  =  a.  Calculate  the  Ag  therein  from  the 
volume  of  AgNOg  solution  used  =^.  A  correction  of  o.i  to  0.2  mgs.  CI 
should  be  made  for  the  Ag  which  has  served  to  give  the  end  reaction. 

To  the  other  half,  add  about  one-tenth  as  much  AgNO,  as  before,  stir 
in  and  observe  the  color  of  the  precipitate.  If  it  has  a  rather  pale  tint  of 
AgBr,  further  addition  of  AgNOg  will  give  the  clear  white  AgCl.  The 
object  is  to  precipitate  all  I  and  Br  with  as  little  chloride  as  possible. 
Then  add  about  3  gms.  of  pure  KBr,  and  run  in  AgNOg  until  as  much 
has  been  added  as  was  added  to  the  first  half.  Boil,  concentrate  a  little, 
and  then  filter  and  finally  weigh  this  precipitate=  b.  Then  (^  —  ^)  X  5 .006 
=  AgI  and  (3--a)X3.2  23  =  AgCl,  and  the  sum  of  these  two  deducted 
from  a  gives  AgBr. 

The  solubilities  of  these  silver  salts  were  found  to  be : 

Dissolved  i  in  5  of  HgO  Dissolve  of 

AgCl                AgBr  Agl 

100  gms.  NaCl                                485  mgs.         480  mgs.  0.95  mg. 

100  gms.  KBr                                                      3010  mgs.  525  mgs. 

100  gms.  KI  89800  mgs. 

95  gms.  NaCl  +  10  gms.  KBr                             75  mgs.  1.2  mg. 

On  this  he  has  based  a  method  for  determination  of  small  amounts  of 
I,  by  treating  the  silver  salts  with  moderately  concentrated  solution  of 
NaCl.  When  there  is  present  3  (or  less)  parts  I  to  about  20  Br  and 3000 
NaCl,  it  is  applicable.     With  more  I  or  Br,  the  Pd  method  is  preferable. 

Determination  of  Chlorides,  Hypochlorites  y  Chlorates  and  Per  chlorates, 
Carnot.  (Bull.  Soc.  Chim.  XV.  393  and  397.)  In  case  of  a  mixture  of 
the  first  three  or  of  all  four,  the  hypochlorite  is  first  determined  by  means 
of  standard  Nag  AsOg,  using  a  **spot  test  '*  with  KI  and  starch.  Then 
acidify  with  HjSO^,  warm  to  nearly  boiling,  and  add  a  known  amount  of 
ammonio-ferrous  sulphate ;  stopper  up  to  prevent  access  of  air,  cool  some- 
what and  titrate  with  permanganate.  The  amount  of  iron  oxidized  by 
the  solution  gives  the  measure  of  the  chlorate  present.  Perchlorate  is  not 
decomposed  by  this  reaction. 

To  this  solution  a  drop  or  two  of  FeSO^  is  added  to  destroy  the  excess 
of  permanganate,  and  then  an  excess  of  standard  AgNOg  solution  is  added. 
This  precipitates  all  the  CI  originally  existing  in  the  solution  as  chloride, 
hypochlorite  and  chlorate.  Titrate  back  the  excess  of  Ag  by  standard 
NH4CNS  (Volhard's  method)  and  from  the  results  all  the  CI  present  in 
these  three  forms  may  be  calculated.  Deducting  that  due  to  hypochlorite 
and  to  chlorate,  leaves  the  amount  of  CI  as  chloride. 

Tht  perchlorate  must  be  decomposed  by  heat,  but  as  the  temperature 
necessary  for  decomposition  will  volatilize  some  KCl,  some  of  the  dry 
material  must  be  weighed  out  in  a  platinum  crucible  and  covered  with  a 
layer  of  dry  sand  at  least  2  cm.  deep.  Then,  on  applying  the  flame  so 
that  only  the  bottom  of  the  crucible  is  made  red  hot,  and  maintaining 
the  heat  for  20  to  30  minutes,  loss  by  volatilization  is  avoided,  and  all 
forms  of  CI  are  brought  to  chlorides.  Leach  out  with  water,  titrate  with 
standard  AgNOg  and  obtain  perchlorate  by  difference. 

Detecting  Iodine  in  Presence  of  other  Halogens,  I,ud  wig.  (Ber.  XXIX. 
1454.)     Ethereal  oils  which  have  been  distilled  in  air,  contain  sufficient 
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ozone  to  set  free  I.  The  same  is  true  of  the  aldehydes  when  used  even  in 
very  dilute  solutions.  Very  small  amounts  of  the  aldehyd  should  be  used. 
The  solution  should  be  neutral  and  contain  no  reducing  agents  or 
mercury  salts.  Starch  solution,  or  else  CSj  may  be  afterward  used  to 
make  the  presence  of  the  free  I  more  evident.  The  latter  is  regarded  as 
the  more  satisfactory. 

Volumetric  for  Iodine.  Riegler.  (Zts.  Anal.  Chem.  XXXV.  305.) 
The  reaction  between  an  iodide  and  iodic  acid  is  as  follows : 

6HIO3  +  5NaI  =  sNalOj  +  3H2O  +  61. 

The  method  consists  in  using  an  excess  of  a  standard  solution  of  HIO3, 
removing  the  I  set  free  by  shaking  with  petroleum  ether,  and  then 
determining  the  excess  of  HIO3  remaining  by  means  of  standard 
NajSjOg.     The  reaction  is  : 

aNagS^Oj  +  6HI08  =1"^^^^^^^  +  SNalOj  +  Nal  +  3H2O. 

Any  excess  of  HIO3  gives  free  I.  176  gms.  HIO3  correspond  to  24.8  gms. 
crystallized  Na2S2035H20.  The  iodide  solution,  which  must  not  be  over 
I  ^  in  strength,  is  mixed  in  a  parting  funnel  with  an  equal  volume  (or 
sufficient  excess)  of  the  HIO3  solution  (17.6  gms.  per  litre)  well  shaken, 
20CC.  of  petroleum  ether  added.  After  standing  about  15  minutes,  the 
aqueous  solution  is  run  off  into  a  beaker.  The  petroleum  ether  containing 
the  most  of  the  free  I  is  poured  out,  the  aqueous  solution  returned  to 
the  funnel,  and  again  shaken  with  15  cc.  of  fresh  petroleum  ether,  to 
remove  the  last  traces  of  I.  The  aqueous  solution  is  then  run  off  and 
titrated  with  the  standard  Na^SjOg,  using  starch  as  indicator.  The  I 
thus  found  X  1.368  gives  RI;  X  1. 18 11  gives  Nal. 

Commercial  Hydro- Fluoric  Acid,  Stahl.  (J.  Am.  Chem.  Soc.  XVIII. 
415.)  The  principal  impurities  are  HgSiFg  and  HjSO^.  Specific  gravity 
is  a  guide  as  to  the  strength  of  the  acid  only  to  a  limited  extent.  A  plat- 
inum hydrometer  is  used  for  that  purpose.  In  manufacturing  all  fluor- 
spars have  been  found  to  contain  Si02  from  a  few  tenths  up  to  3%. 
American  fluorspar  contains  usually  about  1.5.  This  is  determined  by 
moistening  i  gm.  of  the  pulverized  spar  in  a  Pt  dish  weighed  with  a 
spatula,  with  HF,  and  drying  on  a  water  bath.  This  operation  is  re- 
peated, and  the  loss  is  reckoned  as  SiOj.  Carbonate,  if  present,  must 
be  removed  by  preliminary  treatment  with  HCjHgOj.  Moisture  also 
must  be  removed  by  drying  out  before  applying  the  HF. 

To  examine  the  acid,  weigh  out  as  follows  : 

No.  1.  2  gms.  in  a  small  Pt  crucible. 

No.  2.  2  gms.  in  large  Pt  crucible. 

No.  3.  4  gms.  in  Pt  dish. 

No.  I  is  used  for  total  acidity.  The  crucible  is  placed  in  a  large  Pt 
dish,  into  which  is  run  normal  NaOH,  in  amount  estimated  to  be  nearly 
enough  to  neutralize.  The  crucible  is  then  overturned  and  the  titration 
comi^eted.  Phenolphthalein  has  been  found  to  be  the  best  indicator. 
At  the  end  the  solution  must  be  warmed  to  about  50^  C,  and  the  alka- 
line color  must  be  permanent  at  that  temperature. 

No.  2  serves  for  HjSiF^.  After  diluting  with  about  5  cc.  of  water, 
add  by  d^rees  2  gms.  K2CO3  (not  enough  to  neutralize  completely) 
then  15  cc.  of  50%  alcohol,  and  as  much  95  %  alcohol  as  water.  Stir  in, 
let  stand  one  hour  at  least,  filter  off  K2SiFg,  wash  free  from  acid  with 
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50  %  alcohol,  place  paper  and  precipitate  in  a  Ft  dish,  add  25  cc.  water, 

warm  to  50°  and  titrate,  using  phenol phthalein  as  before.  The  reaction  is : 

KjSiFg  +  4NaOH  =  4NaF  +  2KF  +  SiOj  +  2H2O. 

No.  3  is  for  H2SO4.  Heat  on  a  water  bath  until  acid  is  no  longer 
volatilized,  dilute  and  titrate. 

Calling  results  in  No.  i  =  a ,  in  No.  2  =:  ^,  in  No.  3  =  ^• 

a—  /^  ^  +  2)  =  ^^^  ^^"^-  ^^^  ^^ 

^  X  1.8  =  per  cent.  HjSiFg 

^  X  i.a  =  per  cent,  free  HjSO^. 

The  acids  tested  were  found  to  contain  usually  40  %  or  more  of  HF, 
2.7  to  ID  of  HjSiFg,  and  about  i  of  HgSO^. 

Pyrrhotite  in  Pyrites,  Cone.  (J.  Am.  Chem.  Soc.  XVIII.  404.)  The 
Fe^Sg  (pyrrhotite)  yields  its  S  with  diflSculty,  or  .not  at  all,  in  burning 
for  the  manufacture  of  H2SO4. 

To  separate  it,  grind  the  ore  so  as  to  pass  a  60  mesh  sieve,  {not  finer). 
Weigh  out  13.74  gms.  and  spread  that  out  on  a  sheet  of  glazed  paper. 
Stir  several  times  with  a  magnet,  which  takes  out  the  Fe^Sg,  which  is  re- 
moved from  the  magnet  by  aid  of  the  armature  and  a  brush.  Work  over 
the  separated  portion  again  and  again,  5  or  6  times  in  all.  The  material 
separated  is  then  finely  ground,  and  the  S  therein  determined,  giving 
S  in  Fe^Sg.     Total  S  is  determined  in  another  portion  of  the  sample. 

A  method  based  on  the  evolution  of  HgS  from  Fe^Sg  by  the  use  of  di- 
lute acid  (which  is  not  the  case  with  FeSg,)  is  usually  untrustworthy  as 
the  sample  may  contain  blende  or  some  similar  sulphide. 

Sulphur  in  Pig  Iron,  Auchy.  (J.  Am.  Chem.  Soc.  XVIII.  406.) 
Recommends  strongly  Drowns'  method — passing  the  gases,  evolved  on 
treating  with  HCl,  through  KjMnjOg  solution,  and  subsequently  weigh- 
ing as  BaS04.  The  use  of  an  alkaline  (KOH)  solution  of  KoMnjOg  is 
recommended.  To  destroy  the  excess  of  K2Mn20g,  HjCjO^  is  used. 
Evaporating  to  remove  SiOg  before  adding  BaClg  is  not  regarded  as  essen- 
tial.    The  results  of  numerous  experiments  are  given  in  detail. 

Sulphur  in  Illuminating  Gas  and  in  Coal,  Mabery.  (Am.  Chem. 
Jour.  XVIII.  207.)  The  gas  is  burned  inside  of  a  combustion  tube  in  a 
current  of  air,  the  products  ofcombustion  being  drawn  through  a  measured 
amount  of  standard  NaOH,  in  a  U  tube  containing  glass  beads  or  broken 
glass,  the  solution  being  titrated  after  the  operation,  using  methylorange 
indicator. 

The  combustion  tube  is  45.5  cm.  long,  with  a  constriction  30  cm.  from 
the  forward  (meter)  end.  The  tube  delivering  the  gas  from  the  meter  is 
pushed  in  so  as  to  terminate  at  the  constriction.  The  air  is  delivered  into 
the  combustion  tube  by  a  tube  which  is  cut  off  near  the  cork  through 
which  it  and  the  gas  tube  passes.  The  U  tube,  which  should  be  of  large 
diameter,  is  connected  on  the  one  side  with  the  combustion  tube,  on  the 
other  with  a  water  pump  or  other  form  of  suction  pump.  A  tolerably 
rapid  current  of  air  is  necessary.  Practically  no  SO  2  appeared  in  the 
NaOH  solution. 

In  coals,  asphalt,  etc.,  essentially  the  same  method  was  found  to  be 
successful,  the  material  being  introduced  into  the  combustion  tube  in  a 
platinum  boat  and  burned  in  a  current  of  air. 
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Solubility  of  Barium  Sulphate,  Fresenius  and  Heirz.  (Fres.  Zts. 
Anal.  Chem.  XXXV.  i8o.)  If  solutions  of  a  strength  suited  to  produce 
5  mgms.  in  400,000  times  its  weight  of  water  are  mixed,  a  slight  separa- 
tion is  observed  after  24  hours,  whereas  such  is  not  apparent  if  4  mgms. 
only  can  be  produced.  Hence  in  the  nascent  state  i  part  of  BaSO^  is 
soluble  in  100,000  of  water.  The  presence  of  6aCl2y  or  of  HgSO^  in 
the  solution  diminishes  the  solubility,  bringing  it  down  to  i  in  400,000 
or  less  (with  H2SO4). 

In  presence  of  10%  solution  of  NH4CI,  the  solubility  of  BaSO^  in  the 
nascent  stale  is  about  i  in  10,000.  H2SO4  brings  this  solubility  down 
to  I  in  400,000,  £aCl2to  i  in  50,000.  Stronger  solutions  of  NH4CI  have 
a  greater  solvent  action.  NaCl  acted  similarly  to  NH4CI,  though  not 
quite  so  strongly. 

In  HNO3  (8%)  nascent  BaS04  was  soluble  to  the  extent  of  1  in  7,300. 
In  HNO3  of  10%,  H2SO4  brought  the  solubility  down  to  i  in  400,000, 
BaCl2  to  I  in  33,000. 

In  HCl  (7  to  8%)  the  solvent  action  on  nascent  BaS04  was  essentially 
the  same  as  with  HNO3  (i  in  7,300)  H0SO4  or  BaClj  decreased  the 
solubility  to  a  greater  extent  than  did  HNO3. 

Persulphates,  Ulzer.  (Mitth.  Tech.  Gew.  Mus.  Wien.  1895,  11  and 
310.)  Methods  of  analysis  depending  on  the  liberation  of  I  or  CI  by  the 
available  O  were  found  to  be  inaccurate,  as  also  treatment  with  excess  of 
standard  H2C2O4.  The  method  recommended  consists  in  heating  0.3  gm. 
of  the  substance  in  a  valved  flask  with  a  known  amount  of  (NH4)2  SO4, 
FeS04  and  dilute  H2SO4  for  half  an  hour,  and  then  titrating  the  amount 
of  unchanged  ferrous  salt  remaining  by  permanganate. 

Sulphides^  Sulphites,  Thiosulphates  and  SulpJiates  in  presence  of  each 
other.     Richardson  and  A.  Kroyd.     (J.  SCI.  XV.  171.) 

Sulphates.  Add  5  gms.  tartaric  acid  to  the  solution  and  precipitate 
with  BaClg  in  the  cold.  Filter.  The  precipitate  may  contain  some 
BaSOg,  which  can  be  removed  by  afterward  washing  with  hot  dilute  HCl 
and  boiling  water. 

Sulphides.  Titrate  with  NH4  solution  of  Zn.  (vid  Sutton  Vol.  Anal. 
Schwartz's  method.)  The  strength  of  the  solution  is  such  that  i  cc.  = 
0.0016  gms.  as  sulphide. 

Sulphites  and  Thiosulphates .  Add  NH4  solution  of  Zn  to  remove  sul- 
phides. Then  add  methyl  orange  indicator  and  bring  to  neutrality  to 
that  indicator  (filter  off  ZnS).  The  solution  should  now  contain  acid 
sulphite  and  thiosulphate.  Titrate  with  tenth  normal  I  solution.  This 
affords  tetrathionate  (say  Na2S40g  from  Nag S 203)  and  acid  sulphate 
(say  NaHS04  from  NaHSOg).  Ihen  titrate  with  tenth  normal  alkali. 
Since  the  methyl  orange  shows  the  neutral  tint  to  NaHS03,  but  gives  the 
acid  color  with  NaHS04  until  it  has  been  neutralized  to  Na2S04,  the 
last  titration  gives  the  measure  of  the  sulphite.  Calculate  the  amount  of 
I  which  must  have  been  used  to  produce  the  sulphite  thus  found,  and  the 
remainder  of  the  I  used  is  to  be  calculated  as  the  measure  of  the  thio- 
sulphate, the  equations  being 

aNajSaOg  +  13  =  Na2S40e+  2NaI 
NaHS03+ 12  +  H2O  =  NaHS04  +  2HI. 

Phosphorus  in  Phosphor  Bronze.  Oettel.  (Chem.  Ztg.  XX.  19.)  3  to 
10  gms.  of  the  bronze  are  digested  with  HNO3  and  the  SnOg  resulting 
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(which  retslins  the  P2O5) ;  after  washing,  drying  and  igniting,  is  fused 
with  three  times  its  weight  of  KCy  in  a  porcelain  crucible.  On  cooling 
and  leaching  out  with  water  KgPO^  goes  into  solution.  Acidify  with 
HNO3  and  boil;  cool,  and  pass  H2S  to  remove  small  amounts  of  Cu, 
Pb  and  Sn  which  may  remain,  filter,  remove  excess  of  HjS  by  boil- 
ing and  adding  £r  water  and  precipitate  in  the  usual  manner  with  mag- 
nesium mixture.  As  does  not  interfere,  being  removed  by  the  different 
steps  of  the  process. 

Volumetric  for  Phosphoric  Acid,  Veitch.  (J.  Am.  Chem.  Soc.  XVIII. 
389.)  Pemberton's  method  as  modified  by  Kilgore.  (vid  Quarterly 
XVI.  179  and  XVII.  324.)  After  detailing  numerous  experiments,  the 
conclusions  are : 

1.  The  molybdate  solution  to  which  HNOj  has  been  added,  standing 
one-half  hour  at  40°-so°,  gives  results  comparing  very  favorably  with 
the  gravimetric. 

2.  While  the  use  of  tartaric  acid  in  the  molybdate  solution  gives  good 
results,  it  possesses  no  advantage,  and  the  extra  time  of  standing  makes 
it  not  so  desirable. 

Phosphates  in  Fertilizers,  Bryant.  (J.  Am.  Chem.  Soc.  XVIII.  491.) 
observes  that  P2O5  in  bone,  tankage,  etc.,  is  of  more  value  than  that  in 
undecomposed  phosphate  rock,  though  it  may  by  the  ordinary  treatment 
berated  as  "insoluble."  He  proposes  the  separation  of  the  heavier 
phosphate  rock  by  specific  gravity  after  washing  out  the  "soluble  "  and 
drying.  The  separating  solution  is  made  by  dissolving  75  gms;  KI  and 
100  gms.  Hgl2  in  350  cc.  of  water,  and  evaporating  to  a  sp.  gr.  of  2.26. 
Bone  phosphate,  etc.,  is  less  than  this.  Iron  or  aluminum  phosphate, 
silica,  phosphate  rock,  fiuorite,  etc.,  are  heavier. 

Phosphates  in  Thomas  Slag,  Mach  and  Passon.  (Zts.  Angew.  Chem. 
1896.  130.)  100  cc.  of  the  solution  (obtained  by  Wagner's  method)  is 
placed  in  a  half  litre  flask  and  boiled  down  with  10  cc.  cone.  HgSO^. 
15  cc.  cone.  HNO3  and  a  drop  of  Hg  until  colorless.  After  cooling, 
20  cc.  of  a  io(fo  solution  of  NaCl  is  added  to  precipitate  Hg,  and  the 
contents  of  the  flask  is  mixed  into  a  200  cc.  flask,  which  is  then  filled  to 
the  mark  and  100  cc.  of  the  clear  solution  taken,  mixed  with  100  cc.  of 
the  ammonium  citrate  solution,  25  cc.  of  Mg.  mixture  added,  and  the  re- 
mainder of  the  operations  conducted  in  the  usual  manner. 

Detecting  Boric  Acid  in  Milk,  IFine,  Etc,  Doherty.  (Proc.  Lond. 
Chem.  Soc.  1896.  101.)  The  material  is  mixed  with  NaCgOg  dried  and 
thoroughly  charred,  then  extracted  with  water,  acidified  with  HCl  and 
evaporated  in  a  porcelain  boat  enclosed  in  a  piece  of  combustion  tubing, 
one  end  of  which  has  been  drawn  out  to  a  jet,  through  which  illumi- 
nating gas  is  passed.  The  jet  delivers  into  a  short  piece  of  tubing  with 
holes  at  the  sides  for  admitting  air,  forming  a  glass  Bunsen  burner.  On 
lighting  the  gas  at  the  end  of  the  second  tube,  the  green  flame  is  easily 
seen,  when  B0O3  is  present — provided,  of  course,  that  the  boat  contain- 
ing the  mixture  is  kept  warmed. 

Decomposition  of  Silicates  by  Boric  Acid,  Jannasch  and  Heidenreich. 
(Zts.  Anorg.  Chem.  XII.  208.)  Obtain  H3BO3  absolutely  free  from 
alkali,  by  dissolving  and  recrystallizing  repeatedly  from  a  good  quality  of 
commercial  acid.  Dehydrate  by  fusing  3  to  5  gms.  at  a  time  in  a  plati- 
num crucible,  dipping  the  lower  half  of  the  hot  crucible  in  cold  water 
after  fusion  to  crack  up  the  cake  by  the  sudden  cooling,  and  render  it 
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easily  removable.  Pulverize  in  an  agate  mortar  and  preserve  well  pro- 
tected from  moisture  over  CaClj. 

Of  the  silicate  take  at  least  i  gm.  weighed  out  in  a  (50  tq  60  gm.)  Pt 
crucible.  The  amount  of  B2O3  to  be  taken  depends  on  the  decomposa- 
bility  of  the  silicate.  If  readily  decomposed  3  to  4  gms.  may  suffice,  if 
more  difficultly,  5  to  6  times  or  more.  For  feldspar  use  8  times  the 
weight,  mix  intimatdy  with  a  glass  rod  and  heat  cautiously  with  a  low 
flame  at  first  to  expel  water.  As  the  heat  is  gradually  raised  at  a  certain 
point  there  will  be  a  strong  foaming  and  frothing  which  may  be  checked 
before  becoming  too  serious  by  temporarily  removing  the  crucible  cover. 
Tlie  insertion  of  a  small  piece  of  bent  Pt  wire  (stout)  for  stirring,  etc. , 
may  be  advantageous  at  this  stage.  Eventually  the  fusion  is  brought  to 
a  quiet  condition,  which  is  maintained  for  some  time  with  the  full  heat  of 
the  burner,  finishing  with  a  few  minutes  over  the  blast  lamp.  The  whole 
fusion  should  occupy  20  to  30  minutes.  Set  the  hot  crucible  in  cold 
water,  covering  it  well  and  weighting  down  the  cover  to  prevent  loss. 
The  melt  can  be  easily  detached  when  cool,  and  is  treated  in  a  Pt  dish 
with  IOC  to  150  cc.  of  boiling  water  and  about  50  cc.  of  HCl.  Rinse 
out  the  crucible  separately  wiUi  a  similar  mixture  of  water  and  acid,  and 
unite  the  solutions.  Evaporate  to  complete  dryness.  To  remove  the 
B2O3,  use  anhydrous  methyl  alcohol  saturated  with  dry  HCl,  freshly 
prepared  as  follows :  Place  about  250  cc.  of  the  methyl  alcohol  in  a 
wash  bottle,  and  pass  a  rapid  stream  of  anhydrous  HCl  into  it  through 
the  delivery  jet  for  2  to  3  hours,  keeping  the  flask  immersed  in  cold 
water.  Wet  down  the  mass  from  the  fusion  with  60  to  75  cc.  of  the  pre- 
pared methyl  alcohol,  and  evaporate  off  on  a  water  bath  with  constant 
stirring.  Two  treatments  of  this  kind  probably  remove  the  BjOg  almost 
entirely,  but  it  is  safe  to  repeat  it  two  or  three  times.  The  dish  should 
fit  the  ring  of  the  water  bath  closely,  that  the  stream  may  not  be  evolved 
too  near  to  the  dish.  Afterward  dry  the  mass  for  fully  an  hour  at  110°, 
digest  with  HCl,  filter  oflf  SiOg  and  proceed  with  the  analysis  in  the  usual 
manner. 

SohtbU  Silica  in  Clays.  Michaelis.  (Chem.  Ztg.  XIX.  2296.)  Lunge's 
assertion  (vid  Quarterly  XVII.  321)  that  NajCOg  solution  is  suited 
for  this  purpose  is  disputed,  the  author  finding  that  a  10  ^  NaOH  is  neces- 
sary. A  case  is  cited  in  which  Na2C03  showed  i  to  3  !^  of  soluble  silica, 
whereas  the  true  proportion  as  determined  by  NaOH  was  about  16^. 

Carbon  Dioxide  \  lodometric  method.  Phelps.  (Am.  J.  Sci.  [4]  II. 
. )  The  process  consists  in  fixing  the  CO  2  by  use  of  a  known  amount 
of  Ba(0H)2  in  solution,  in  a  partially  exhausted  fiask,  then  adding  ex- 
cess of  1  solution  to  convert  the  excess  of  Ba(0H)2  into  iodide  and  iodate 
6  Ba(OH)2  -f  6  I2  =Ba(I08)2  +  5  Balj  +  6  H2O,  and  finally  titrating 
the  excess  of  I  by  standard  AsgOg.  It  was  found  necessary  to  boil  after 
adding  the  I  solution  to  destroy  hypoiodite  which  would  affect  the  As gO 3 
in  titrating.  The  flask  in  which  the  boiling  is  performed  must  be  con- 
nected so  that  the  escaping  steam  passes  through  KI  that  the  free  I  may 
not  be  lost. 

Carbon  Dioxide  in  Air.  Henriet.  (C.  Rend.  CXXIII.  2.  125.)  The 
air  is  drawn  through  KOH  of  known  strength.  Phenol  phthalein  is  then 
added,  and  the  cold  dilute  solution  titrated  with  standard  H2SO4.  The 
end  reaction  occurs  when  all  the  CO 2  is  in  the  form  of  KHCOg.  On 
this  a  calculation  can  be  based. 
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Absorbent  for  Nitrogen  in  Argon  Determination,  Warren.  (C.  N. 
XXIV.  6.)  CaO  or  Ba(0H)2  is  saturated  with  strong  solution  of  LiOH, 
mixed  with  Mg  powder,  and  the  mixture  reduced  in  an  atmosphere 
of  H  at  as  low  a  temperature  as  possible.  The  resulting  mass  contains 
metallic  Li,  as  also  small  amounts  of  Ba  or  Ca,  and  will  rapidly  absorb  N, 
so  rapidly  indeed  that  it  may  become  incandescent. 

*  *  Absolute  Method  * '  for  Nitrogen,  Dunstan  and  Carr.  (Proc.  Lond . 
(Chem.  Soc.  No.  i6i.  Feb.  1896.)  In  determining  N  in  aconitine  by  soda 
lime,  results  closely  according  with  theory  (2.1^)  were  obtained.  On 
applying  the  ** absolute  method"  gas  volumes  corresponding  to  45^  N 
and  over,  were  obtained.  Investigation  disclosed  the  fact  that  methane 
was  mixed  with  the  N,  which  was  oxidized  very  slowly  and  imperfectly 
by  red  hot  CuO.  The  point  is  naturally  suggested  that  error  of  the  same 
kind  may  occur  in  the  application  of  the  ''absolute  method"  to  other 
nitrogenous  substances. 

Test  for  Nitrites,  Sabatier.  (C.  Rend.  CXXII.  141 7.)  Place  a  drop 
of  the  solution  to  be  tested  on  a  white  porcelain,  add  a  drop  of  cone. 
H2SO4,  and  then  a  few  grains  of  CujO.  If  a  nitrite  is  present,  a  violet 
or  purple  tint  will  appear.  The  reaction  is  less  sensitive  than  that  with 
metaphenylene-diamine. 

Determining  Nitric  Acid,  Pdchard.  (C.  Rend.  CXXI.  758.)  On 
mixing  a  drop  of  a  solution  containing  nitrate  with  a  drop  of  concent. 
H2SO4  and  adding  a  fragment  of  brucine,  the  well  known  red  coloration 
appears.  At  that  point,  if  distilled  water  is  added  drop  by  drop,  at  a 
certain  point  of  dilution  the  coloration  disappears.  At  this  point  the 
liquid  contains  0.0000207  gm.  of  nitrogen  per  cc.  On  conducting  the 
operation  so  that  volumes  of  the  liquids  used  can  be  measured,  a  quanti- 
tative estimation  can  be  effected.  If  pure  HCl  is  used,  instead  of 
H2SO4,  only  the  nitrous  nitrogen  is  estimated  by  this  means. 

Nitrates  in  Water,  Alessandri  and  Gassini.  (Bolet.  Chem.  Pharm. 
I ^95-.  490-)  Add  to  the  warm  residue  from  evaporation,  strong  HCl 
containing  a  few  drops  of  phenol.  If  only  traces  of  nitrates  are  present, 
on  heating  an  intense  red-violet  coloration  appears,  which  becomes 
emerald  green  on  adding  ammonia. 

Oxygen  in  Water,  Romijn.  (Rec.  Trav.  Chim.  Pays.  Bas.  XV. 
76.)  A  pipette  having  stopcocks  above  and  below  is  used  (capacity 
about  220  cc).  The  tube  above  the  upper  pipette  is  graduated.  After 
filling  the  pipette  with  the  water  to  be  tested  and  closing  both  cocks, 
r  cc.  of  a  solution  containing  0.120  gm.  MnClg  and  0.085  g™*  ^^  ^^ 
placed  in  the  graduated  tube ;  then  by  opening  first  the  upper  cock  and 
then  the  lower,  this  solution  is  drawn  into  the  water.  After  shaking, 
I  cc.  of  asolution  of  Rochelle  salt  (10  gms.  in  12  cc.)  and  i  cc.  NaOH 
(i  in  10),  are  introduced  in  the  same  manner.  After  shaking  again  and 
allowing  to  stand  for  10  minutes,  1  cc.  of  a  25^  solution  of  HCl  is 
added,  the  water  run  into  an  Erlenmeyer  flask  and  the  I  set  free  is 
titrated  with  standard  Na2S203.  A  special  form  of  apparatus  has  been 
devised  for  the  process. 

Estimating  Oxygen  by  Pyrogallol  Solution,  Clowes.  (J.  S.  C.  I. 
XV.  170.)  Using  a  solution  containing  10  gms.  pyrogallol  and  24  gms. 
KOH  in  100  cc,  it  was  observed  that  when  the  proportion  of  O  in  the 
gaseous  mixture  analyzed  passed  28  ^  CO  was  evolved.  Increasing  the 
proportion  of  KOH   in  the  solution  diminished   this  error,  and  when 
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brought  up  to  five  times  as  much  as  that  above  (viz.  120  gms.),  the  evo- 
lution of  CO  was  inappreciable.  Alkaline  solution  of  hydroquinone  was 
found  to  be  effective,  though  slow  in  absorbing  O  without  evolution  of 
CO.  The  solution  used  contained  18  gms.  hydroquinone,  and  24  gms. 
KOH  in  100  cc. 

Ozone  and  Hydrof^en  Peroxide,  Engler  and  Wild.  (Ber.  XXIX. 
1940  )  The  authors  find  that  H^Oj,  even  in  the  most  diluted  form,  is 
decomposed  by  CrOg,  whether  the  same  is  in  solution  or  in  solid  form, 
whereas  ozone  produces  no  effect.  Hence  CrOg  is  a  very  delicate  test 
for  H2O2  whether  ozone  is  present  or  not.  They  have  not  found  any 
very  sensitive  reagent  for  ozone  in  presence  of  HoOj.  The  best  is  paper 
moistened  with  MnClj  solution  which  turns  brown  when  ozone  is  present. 
The  same  effect  is  produced  by  ammonia  or  by  (NH4)2C03,  but  the 
brown  produced  by  ozone  becomes  bluish  on  moistening  with  guaicum 
solution,  which  is  not  the  case  with  the  ammonium  brown.  It  is  advised 
to  destroy  HjOj  first  by  use  of  CrOg  solution,  and  then  to  apply  the 
tests  for  ozone. 

New  Reagent  for  Hydrogen  Peroxide.  Bach.  (Chem.  Ztg.  XIX.  37.) 
A  solution  is  made  containing 0.03  gm.  KoCr^O^,  and  5 drops (0.25  gm.) 
of  anilin  per  litre.  Also  a  5^  solution  of  H2C2O4.  5  cc.  of  the 
K2Cr207  reagent  is  shaken  a  few  times  with  5  cc.  of  the  solution  to  be 
tested,  and  one  drop  of  the  oxalic  solution.  If  H2O2  is  present,  a  violet 
red  coloration  develops.  The  degree  of  sensitiveness  is  i  in  1,400,000. 
Nitrogen  oxides  give  no  reaction,  but  bleaching  powder  and  HCIO  do. 
The  H2O2  from  fresh  green  leaves  can  be  detected  by  this  reagent;  20  gms. 
of  the  leaves  are  treated  with  75  cc.  of  a  o.ij^  HoCjO^  solution,  and 
5  cc.  of  the  solution  tested  as  above. 

Determining  Hydrogen  by  Palladivus  Chloride.  Campbell  and  Hart. 
(Am.  Chem.  Jour.  XVIII.  294.)  The  PdClg  solution  was  made  by  dis- 
solving 5  gms.  Pd  wire  in  30  cc.  HCl  with  i  to  2  cc.  HNO3.  The  solution 
was  evaporated  just  to  dryness  on  the  water  bath  redissolved  by  warming 
in  25  to  33  cc.  of  water  with  5  cc.  HCl,  and  then  diluted  to  750  cc.  The 
pipette  used  was  the  ordinary  single  Hempel  absorption  pipette,  arranged 
so  as  to  be  easily  detached  from  the  stand.  After  introducing  the  solution 
and  then  the  gas  to  be  analyzed,  the  pipette  was  closed  and  placed  in  a 
boiling  water  bath  for  2  hours,  unless  the  amount  of  H  exceeds  65  cc.  or 
the  pipette  has  been  previously  used,  in  which  cases  a  longer  time  is  re- 
quired.   Absorption  is  retarded  by  the  use  of  strongly  acid  solutions. 

Watery  Test  for  Contamination.  Nordlinger.  ( Fres.  Zts.  Anal.  Chem. 
XXXV.)  Cresol  or  saprol,  when  added  to  the  contents  of  a  cesspool 
may  serve  to  indicate  whether  the  contents  of  the  cesspool  pass  into  a 
water  supply.  The  odor  of  one  part  in  a  million  is  perceptible,  and  the 
taste  is  apparent  if  one  part  is  present  in  two  million. 

Boiler  Scale.  Reichard.  (Chem.  Ztg.  XX.  65.)  Silica  was  found 
to  be  a  cause  of  "scale"  in  one  case.  The  water  contained  8.6  total 
solids  per  hundred  thousand,  in  which  were  CaO  2.08,  MgO  0.22,  SiOj 
2.6  and  alkalies  (weighed  as  chlorides)  2.35.  The  scale  consisted  chiefly 
of  SiOj  and  CaO. 

Degree  of  Oxidation  of  Oils.  Bishop.  (J.  Pharra.  et  Chim.  1896.  55.) 
Precipitated  SiOj  is  suitable  for  dividing  up  the  oil,  but  used  alone  the 
oxidation  proceeds  two  slowly.  By  addition  of  2  fc  of  manganese  resi- 
nate  the  test  can  be  conducted  in  a  reasonable  time.     The  commercial 
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resinate  should  be  purified  by  dissolving  in  ether  or  petroleum  spirit, 
filtering,  and  evaporating  off  the  solvent  The  dry  resinate  (found  to 
contain  9.8^  MnO)  is  powdered  and  bottled  for  use. 

Weigh  out  18  gms.  of  the  oil,  add  to  it  0.2  gm.  of  the  resinate,  and 
cause  the  same  to  dissolve  by  constant  stirring  over  a  water  bath  ;  cool, 
weigh  out  in  a  fiat  dish  (with  rod),  i  gm.  of  SiOj  and  add  to  it  drop  by 
drop  I.G2  gms.  of  the  resinated  oil,  mixing  it  in  thoroughly.  Spread  the 
mass  over  the  bottom  of  the  dish,  and  set  it  aside  at  a  temperature  of  1 7 
to  25^  C.  for  drying  oils,  and  of  20  to  30°  C.  for  other  oils.  Weigh 
after  six  hours  and  twice  again  in  24  hours,  stirring  up  after  each  weigh- 
ing. The  maximum  increase  in  weight  multiplied  by  100  gives  the  de- 
gree of  oxidation. 

Analysis  of  Mortar.  Dibdin  and  Grimwood.  (Analyst.  XXL  197.) 
Crush  the  sample  and  mix  thoroughly;  weigh  out  10  gms.  in  a  platinum 
dish  and  dry  in  an  air  bath  in  the  usual  manner  for  determining  water  by 
loss.  The  absorption  of  CO 2  is  insignificant  in  amount.  Weigh  out  an- 
other 10  gms.,  stir  up  in  a  beaker  with  solution  of  10^  HCl,  allow  to 
stand  one  minute,  pour  off  solution  and  suspended  earthy  matter,  and 
repeat  this  until  the  supernatant  liquid,  on  standing  for  one  minute,  is 
perfectly  clear.  Wash,  dry  and  weigh  the  residue  as  "sand.*'  Filter 
off  the  "earthy  matter,"  wash  dry  and  weigh.  In  aliquot  portion  of 
the  solution  determine  SiO^,  Fe203,  AlgOj,  CaO  and  SO3.  (The  pres- 
ence of  MgO  is  ignored  by  the  authors.  Abs.)  The  dried  sample  is  ignited 
at  low  red  heat  and  the  loss  on  ignition  noted.  It  is  then  moistened  with 
water  to  hydrate  the  CaO,  dried  at  220°  F.  and  reweighed. 

Ordinary  Mortars,  Commercial  lime  contains  about  80  ^  CaO.  In 
England  crushed  brick  is  much  used  instead  of  sand  for  making  mortars, 
and  in  some  cases  the  bricks  contain  CaCOg.  The  mixtures  are  of 
course  usually  made  by  volume.  Two  ratios  are  calculated,  viz.,  that  of 
lime  to  sand  (or  broken  brick)  and  that  of  lime  to  all  other  matters  (ex- 
cluding water).  The  total  CaO  (as  CaO,  CaCO,  and  CaSO^)  is  in- 
creased by  one-fourth  to  obtain  the  weight  oi  commercial  lime  used.  This 
figure  must  again  be  increased  by  one-fourth  to  obtain  the  volume  used, 
as  compared  with  that  of  the  sand  or  broken  brick,  e,  g.,  in  a  sample  ex- 
amined 10.89  of  CaO  was  found.  10.89 -r  2.72=13.61  =weight  of 
commercial  lime,  and  13.61 -I- 3.40  =  17.00  =  volume  of  commercial 
lime.  In  this  case  broken  brick  being  calculated  as  48.75,  the  ratio  of 
lime  to  brick  by  volume  was  1 7  :  49,  or  nearly  i :  3. 

Cement  Mortars,  The  calculation  is  made  on  the  soluble  silica  found. 
This  may  be  checked  by  the  proportion  of  lime.  It  may  be  assumed  that 
a  fair  average  Portland  cement  will  contain  18^  of  soluble  silica  and 
60^0  CaO.  The  percentage  of  soluble  silica  multiplied  by  5.55  should 
give  approximately  the  weight  of  cement  used.  To  this  figure  add  one- 
eighth  to  obtain  the  volume  relatively  to  that  of  the  sand,  and  calculate 
as  before. 

The  data  used  in  the  calculations  of  volume  were : 

18.5  cc.  commercial  lime  weighed  17.38  gms. 

"  crushed  brick  "  21.13    ** 

"  clean  sand  **  21.70    " 

**  Portland  cement         '*  i9"3o    '* 
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77ie  Chemical  Analysis  of  Iron,  A  complete  account  of  all  the  best 
known  methods  for  the  analysis  of  iron,  steel,  pig-iron,  iron  ore» 
limestone,  slag,  clay,  sand,  coal,  coke,  and  furnace  or  producer 
gases.  By  Albxander  A.  Blair.  Third  Edition.  Philadelphia, 
J.  B.  Lippincott  Co.    1896. 

Many  thoughts  suggest  themselves  on  the  appearance  of  the  third  edi- 
tion of  this  book.  Many  men,  not  yet  reckoning  themselves  as  ''old" 
can  remember  the  times  when  a  chemist  attached  to  a  manufacturing 
establishment  (metallurgical  or  other)  was  regarded  as  an  ornamental  and 
useless  appendage.  Sharp  competition,  and  the  consequent  necessity  for 
striving  for  the  best  attainable  quality  in  their  main  products,  and  a  pos- 
sible utilization  of  by  products,  has  completely  changed  that  condition  of 
affairs. 

The  consequence  also  has  been  that  students  of  the  science  of  chemistry 
have  become  more  practical  in  their  work  and  their  way  of  regarding  its 
bearings.  Specialization  in  different  lines,  has  inevitably  followed. 
Rapid  and  accurate  work  in  the  analytical  laboratory,  to  control  the 
work  of  the  manufactory,  and  to  guide  the  buyer  or  seller,  has  become 
indispensable. 

Special  books,  dealing  with  chemical  work  pertaining  to  particular  in- 
dustries have  become  a  necessity ;  but  each  has  had  to  submit  to  the 
critical  examination  of  expert  workers,  many  of  whom  have  had  a  wide 
experience. 

This  is  especially  true  in  connection  with  one  of  the  most  important 
industries  of  our  country — that  of  iron  and  steel,  and  the  fact  that  a  third 
edition  of  Mr.  Blair's  excellent  book  has  so  soon  been  rendered  necessary, 
is  strong  testimony  as  to  its  value,  and  the  estimation  in  which  it  is  held. 

The  changes  which  have  been  made  from  the  previous  edition  are  in- 
dications of  the  progress  made  in  this  branch  of  chemistry  and  of  the 
careful  attention  paid  to  them  by  the  author.  Some  of  the  fruits  of  the 
labors  of  the  International  Standards  Committee  are  presented  in  the  de- 
scription of  the  volumetric  method  for  phosphorus,  which,  as  stated  in 
the  preface,  is  tentative  and  not  official.  The  changes  in  the  manipula- 
tion of  that  process  (which  still  follows  the  lines  of  Emmerton's  method) 
are  the  most  radical  of  any  to  be  observed  in  the  book.  The  molybdate 
reagent  is  made  up  a  little  stronger  than  before  and  containing  much  less 
ammonium  nitrate,  a  plan  which  conduces  to  the  maintenance  of  the 
strength  of  the  reagent  by  avoiding  the  slow  deposition  of  molybdic  acid. 
Puri^cation  of  the  reagent  (chiefly  from  silica)  by  addition  of  a  small 
amount  of  microcosmic  salt,  settling  and  decanting  off  is  recommended. 
The  description  of  the  simplified  form  of  **  redactor"  is  most  welcome. 
When  managed  in  accordance  with  the  minute  directions  given,  it  is 
quite  as  efficient  as  the  more  elaborate  form  of  apparatus  originally  de- 
scribed by  Jones.  Jones's  description,  and  the  figure  of  his  apparatus  as 
originally  described,  is  retained  in  the  chapter  on  iron  ores,  though  sup- 
plemented with  a  suggestion  as  to  the  use  of  the  simplified  form.  The 
use  of  amalgamated  zinc  in  the  reductor  is  another  change.     The  reduc- 
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don  attained  by  this  means  is  given  as  to  M024  ^37  ii^stead  of  as  before 
to  M012  ^19'  v^ich  has  necessitated  a  slight  change  in  the  factor  by 
which  the  iron  standard  of  the  permanganate  solution  must  be  multiplied 
to  give  the  phosphorus  standard.  In  Emmerton's  description  the  factor 
was  0.9076  xo-oi  794  =  00 1683;  in  the  improved  method  the  factor  be- 
comes 0.88163  X 0.01794  =0.015816;  when  thesolution  is  boiled  in  a 
flask  with  granulated  zinc  it  is  0.585714  xo-oi794  =  o-oi5377-  ^'^  this 
connection  it  is  noted  that  the  change  in  the  color  of  the  reduced  solution 
from  green  to  **  brown  "  ("  port  wine,"  according  to  Emmerton,)  is  fatal 
to  the  accuracy  of  the  determination. 

As  regards  sulphur  determinations  in  manufactured  irons  it  is  re- 
marked that  no  method  is  perfectly  satisfactory.  A  priori  it  might  seem 
that  the  sulphur  determination  would  be  the  simplest  determination,  and 
the  one  most  easily  and  rapidly  executed,  but  the  wide  disagreement  in 
results  (when  sulphur  is  small  in  amount)  between  different  skilled  an- 
alysts on  the  same  sample,  indicates  that  methods  giving  satisfactory  re- 
sults are  yet  to  be  desired.  The  objections  to  the  evolution  methods  for 
pig  irons,  raised  by  Phillips  and  Matthewman  are  quoted  ;  nevertheless, 
the  author  states  that  in  steels  he  has  always  obtained  what  he  believes  to 
be  correct  results  by  an  evolution  method  where  evolution  occurs  in  an 
atmosphere  of  hydrogen,  and  alkaline  lead  nitrate  is  the  absorbent.  The 
method  which  he  has  used  is  minutely  described.  Several  modifications 
have  been  made  in  the  description  given  in  the  former  edition.  One  of 
the  most  important  is  the  speed  with  which  the  operation  should  be  con- 
ducted. 

Under  determinations  of  total  carbon  we  have  as  new,  Bourgeois'  com- 
bustion with  potassium  bisulphate  (applicable  to  ferrochrome  and  similar 
special  products)  and  Wiborgs*  method  as  modified  by  Nolly — (oxidation 
of  the  borings  by  a  mixture  of  sulphuric,  chromic  and  phosphoric  acids, 
the  CO 2  being  measured).  The  descriptions  of  one  or  two  methods 
which  are  now  but  seldom  used,  have  been  omitted. 

The  method  for  the  separation  of  arsenic  in  irons  by  precipitation  has 
been  dropped  out,  that  by  distillation  being  retained. 

A  rapid  method  for  determination  of  tungsten  has  also  been  introduced. 

For  manganese  in  iron  ores  we  find  additions  in  descriptions  of  a 
modification  of  Volhard's  method  and  that  of  Pattinson. 

Throughout  the  book  are  also  to  be  found  new  hints  and  suggestions 
drawn  from  recent  chemical  literature,  indicating  the  care  with  which 
every  detail  of  the  directions  of  the  former  edition  has  been  scrutinized. 

The  book  merits,  and  cannot  but  receive,  a  most  cordial  welcome. 

E.  W. 

A  Manual  of  Quantitative  Chemical  Analysis  for  the  Use  of  Students. 

By  Frederick  A.  Cairns,  A.M.     Revised  and  Enlarged  by  Elwyn 

Waller,  Ph.D.     Henry  Holt  &  Co.,  N.  Y.     1896.     Octavo,  417 

pages.     Price,  ^2.00. 

This  manual  is  admirably  adapted  to  the  needs  of  students  pursuing  a 

course  in  mineral  or  inorganic  quantitative  anal)^is  and  at  the  same  time 

is  a  handy  reference  book  for  chemists  of  experience. 
The  general  arrangement  of  the  first  edition  is  preserved,  except  that 

the  chapters  on  commercial   organic  analysis,  such  as  soap,  oil,  calcium 

oo^^tate,  etc.,  have  been  omitted.     The  author  first  gives  instructions  as 
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to  measuring,  weighing  and  other  operations,  also  precautions  in  regard 
to  the  use  of  platinum  and  directions  for  preparing  reagents;  then 
methods  for  the  analysis  of  pure  salts^  such  as  barium  chloride,  magne- 
sium sulphate,  calcium  carbonate,  etc. 

The  main  portion  of  the  work  consists  of  twenty-nine  chapters  devoted 
to  the  following  analyses :  Feldspar,  Limestone,  Clay,  Manganese  Ore, 
Iron  Ores  (partial  and  complete  analysis),  Chromite,  Slags,  Manufactured 
Irons,  Aluminum,  Zinc  Ore,  Nickel  Ore,  Copper  Ore,  German  Silver, 
etc..  Lead  Ores,  Tin  Ore,  Bronze,  Arsenic  Ore,  Antimony  Ore,  Type 
Metal,  Refined  Lead,  Paint,  Water,  Acidimetry  and  Alkalimetry,  Soda, 
Chlorimetry,  Fertilizers,  Coal  and  Nitrates. 

The  appendix  contains  besides  tables  of  specific  gravity  of  acids, 
alkalies,  etc.  Dr.  Waller's  **  Properties  of  Precipitates,"  which  shows 
the  student  at  a  glance  the  solubility,  best  conditons  for  formation  and 
possible  contaminants  of  any  precipitate  he  is  likely  to  use. 

The  improvements  in  certain  chapters  deserve  special  mention.  The 
analysis  of  iron  ore  has  been  largely  rewritten  and  new  features  intro- 
duced, also  schemes  for  the  separate  determination  of  iron,  sulphur, 
phosphorus  and  silica.  The  chapter  on  manufactured  iron  (35  pages) 
has  been  revised  and  contains  the  volumetric  method  for  phosphorus  by 
titrating  the  **  yellow  precipitate"  after  reduction  by  potassium  perman- 
ganate. Dr.  Waller  has  adhered  to  the  old  ratios  in  this  case  giving  the 
composition  of  the  precipitate  as  12M0O3,  (NH4)3Po4  and  the  oxide 
formed  after  reduction  as  Mo^gOiQ.  In  spite  of  the  great  discussion  of 
these  reactions,  opinion  differs  in  regard  to  them  but  the  preponder- 
ance of  testimony  is  against  the  old  Emmerton  ratio  as  given  in  this 
book.     The  other  methods  described  are  excellent. 

A  new  chapter,  devoted  to  aluminum  and  aluminum  bronze,  is  a  valu- 
able addition.  Under  copper  ore,  the  "  cyanide  "  and  '*  iodide  "  methods 
now  largely  used  are  described.  Under  arsenic,  Pearce's  method  and  the 
distillation  method  are  described  in  full.  Nearly  fifty  pages,  devoted  to 
the  analysis  of  fresh  and  mineral  waters  are  especially  valuable  on 
account  of  Dr.  Waller's  great  experience  in  this  work. 

The  revised  book  has  been  prepared  with  great  care  and  in  its 
superiority  over  the  previous  edition  keeps  pace  with  the  rapid  advance 
of  analytical  chemistry  during  recent  years.  E.  H.  M. 

Elementary  Solid   Geometry  and   Mensuration.     By   Henry   Dallas 
Thompson,  D.Sc-,  Ph.D.,   Professor  of  Mathematics  in  Princeton 
University.     New  Vork,  The  Macmillan  Company,  1896.     200  pp^ 
Price,  1 1. 25. 
This  is  an  exceedingly  elementary  work  on  geometry,  brief  and  in- 
teresting, well  conceived  and  well  written.     In  it  the  author  has  endeav- 
ored with  much  success  to  build  up  a  logical  train  of  reasoning,  as  com- 
pact as  possible,  and  at  the  same  time  to  impress  upon  the  pupil  the  fact 
that  the  acquisition  of  an  exact  mode  of  expression  is  one  of  the  most 
valuable  results  of  the  study  of  geometry.  J.  W.  D. 

Trigonometry  for  Beginners,  By  the  Rev.  J.  B.  Lock,  M.A.,  Fellow 
of  Gonville  and  Cains  College,  Cambridge.  Revised  and  enlarged 
for  the  use  of  American  schools  by  John  A.  Miller,  A.  M.,  Assistant 
Professor  of  Mathematics,  Leland  Stanford  Jr.  University.     New 
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York,  The  Macmillan  Company,  1896.     147  pp.,  and  63  pp.  of 
tables.     Price,  ^i.io. 

This  is  a  most  excellent  book  for  beginners.  It  is  a  good-sized  octavo, 
upon  whose  roomy  pages  the  text,  formulae,  diagrams  and  tables  are  dis- 
posed in  a  pleasing  way.  The  paper  is  unusually  thick,  and  the  print 
unusually  bold,  sharp  and  clear,  which  makes  the  appearance  agreeably 
substantial,  and  invites  perusal. 

The  subject  itself  is  elucidated  in  a  remarkably  clear,  easy  and  thor- 
ough manner;  all  the  essential  propositions  are  contained,  and  nothing 
superfluous.  Abundant  exercises  in  proving  trigonometric  identities  fol- 
low each  group  of  newly  derived  formulae.  A  special  chapter  is  devoted 
to  the  solution  of  trigonometric  equations,  a  topic  omitted  in  too  many 
treatises ;  and  another  chapter  familiarizes  the  student  with  the  use  and 
notation  of  inverse  trigonometric  functions.  The  question  of  ambiguity 
of  solution  has  received  careful  attention. 

The  tables  are  computed  to  five  places  of  decimals,  and  were  arranged 
by  Dr.  Frank  L.  Sevenoak.  of  the  Academic  Department  of  Stevens  In- 
stitute. The  explanations  preceding  the  tables  are  exceedingly  concise 
and  clear.     It  would  be  hard  to  praise  this  book  too  highly. 

J.  W.  D. 

The  Elements  of  Physics ;  Vol.  II.,  Electricity  and  Magnetism.  By 
Edward  L.  Nichols  and  William  S.  Franklin.  New  York,  The 
Macmillan  Company.  272  pp.,  228  diagrams  and  illustrations. 
Price,  S1.50. 

The  second  volume  of  the  series  of  three  on  The  Elements  of  Physics,  by 
the  above  authors,  has  just  made  its  appearance.  The  work  is  intended  as 
a  college  text-book  and  proves  by  its  contents  and  mathematical  treat- 
ment, that  it  is  thoroughly  up  to  date.  The  opening  chapter  on  **  Dis- 
tributed Quantity,"  sets  forth  a  few  fundamental  theorems  in  regard  to 
scalar  and  vector  quantities.  In  mastering  this  portion  of  the  book  the 
student  acquires  sufficient  mathematical  knowledge  to  easily  follow  the 
remainder.  The  next  three  chapters  are  devoted  to  the  ordinary  discus* 
sions  of  permanent  magnetism,  galvanometers,  resistance  and  electro- 
motive force. 

Under  "The  Electric  Charge"  the  authors  present  the  theory  of  the 
ballistic  galvanometer  for  measuring  transient  currents,  followed  by  an 
admirable  treatment  of  the  theory  of  electrolysis.  Simple  electrical 
measurements  form  the  topics  of  a  separate  chapter. 

From  this  point  on  the  authors  confine  themselves  for  seventy  pages  to 
^'  Electrostatics,"  which  they  present  under  four  heads :  First,  the  ordi- 
nary simple  phenomena;  second,  a  mathematical  investigation  of  the 
properties  of  the  electrostatic  field;  third,  **  Capacity,"  and  fourth,  the 
phenomena  of  discharge,  among  which  Rontgen  rays  are  mentioned. 

The  next  subject  considered  and  treated  in  a  very  able  manner  is 
Magnetism,  including  among  other  topics  Magnetic  Flux,  Magnetizing 
Force,  Susceptibility,  Permeability,  Hysteresis  and  Diamagnetism. 

This  subject  being  disposed  of  brings  the  student  to  questions  of  in- 
duced electromotive  force,  self  and  mutual  induction.  Thermo-electricity  is 
touched  upon,  followed  by  a  curious  chapter  of  only  eighteen  pages  devoted 
to  the  practical  applications  of  electricity  and  magnetism,  in  which  the 
^rs  attempt  to  explain  the  various  methods  and  apparatus  in  so  brief 
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a  manner  that  unless  very  much  amplified  by  lectures,  this  portion  of  the 
book  would  be  of  no  service  whatever  to  the  ordinary  college  student. 

The  volume  closes  with  two  very  useful  chapters;  one,  a  r^um^  of 
electric  and  magnetic  equations,  arranged  so  as  to  point  out  the  similari- 
ties and  points  of  difference  between  them;  the  other,  explaining  the 
mechanical  conceptions  of  electricity  and  magnetism. 

A  .  a  whole,  the  volume  is  most  certainly  a  valuable  aid  to  the  student 
on  account  of  the  unusual  clearness  of  its  deductions  aided  by  especially 
fine  diagrams.  It  will,  without  doubt,  be  given  a  high  rank  among  the 
mathematical  text-books  on  physics.  W.  H.  F. 

Rbntgen  Rays  and  Phenomenon  of  the  Anode  and  Cathode,  By  Edward 
P.  Thompson.     D.  Van  Nostrand.     1896.    190  pages.    Octavo. 

The  wide-spread  interest,  both  scientific  and  popular,  in  the  subject  of 
radiant  energy  developed  within  and  from  a  discharged  tube  as  a  source 
of  X-rays  forms  the  topic  of  this  book.  The  author  aims  to  interest  the 
student  and  those  generally  interested  in  science,  and  in  this  attempt  he 
introduces  the  method,  which  is  so  convenient  for  reference,  of  number- 
ing the  paragraphs  so  that  cross-references  can  be  rapidly  and  conveniently 
made.  The  surgical  bearing  of  the  X-ray  is  a  very  wide  field  of  its  in- 
terest and  receives  considerable  reference.  The  photographic  side  also, 
for  professionals  and  amateurs,  is  considerably  treated.  The  author  pro- 
tects himself  in  its  Preface  against  the  very  critical  difficulty  in  a  subject 
which  has  been  developing  so  rapidly,  lest  in  his  accrediting  of  an  ex- 
periment or  discovery  he  shall  have  disappointed  some  who  may  have 
antidated  the  published  experiment. 

The  Introduction  gives  its  definition  of  the  Rontgen  and  X-ray  as  a 
form  of  energy  radiated  from  a  highly  exhausted  discharge  tube,  which  is 
energized  by  an  induction  coil  or  other  suitable  electrical  apparatus. 
While  the  book  does  not  entirely  follow  the  chronological  method  it 
outlines  the  early  experimentation  with  brush  discharges  by  Faraday 
and  others,  and  the  Maxwell  Plucker  and  Geissler  investigations  which 
have  been  so  thoroughly  identified  with  physical  apparatus  in  use  for 
many  years.  Later  the  test  figures  identified  with  the  names  of  Lichten- 
berg.  Hammer  and  McKay,  and  the  early  Tesla  experiments.  Then 
follows  the  investigations  on  the  cathode  rays  followed  by  Lenard  up  to 
which  the  history  is  led  to  the  time  of  the  Rontgen  experiments  in  Jan- 
uary, 1895,  and  the  latter  developments  by  Edison  and  the  host  of  other 
experimenters  whom  the  Rontgen  announcement  has  stimulated  to  wide 
research. 

The  book  is  very  copiously  illustrated,  and  modern  contributions  re- 
ceive a  personal  interest  by  cuts  of  apparatus  and  figures,  as  well  as  repro- 
ductions of  some  of  the  best  work. 

The  final  chapter,  by  Prof.  William  A.  Anthony,  covers  the  resume  of 
the  theoretical  relations  which  seem  to  be  suggested  by  the  state  of  the 
art  at  the  time  of  writing.  The  book  is  preceded  by  a  portrait  of  Dr. 
William  Conrad  Rontgen  in  half  tone,  which  process  is  also  used  for 
most  of  the  sciagraphs  with  which  the  book  is  illustrated.  There  are  sixty 
diagrams. 

It  represents  an  enormous  amount  of  work  in  investigation,  collocation 
and  cross  reference,  and  will  be  found  very  useful  and  complete  to  any 
one  to  whom  this  subject  may  come  to  be  taken  up  in  detail.     F.  R.  H. 
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Humphrey  Davy,  Poet  and  Philosopher.     By  T.  E,  Thorpe,    LL.D. 
F.R.S.    The  Macmillan  Co.     1896. 

It  is  a  little  difficult  for  the  scientist  of  the  present  day  to  put  himself 
back  into  the  conditions  which  prevailed  in  England  with  respect  to  such 
matters  in  the  beginning  of  the  present  century.  For  this  reason  the 
biography  of  two  hundred  and  thirty-six  pages  which  introduces  Davy  as 
a  scientist,  and  the  influence  which  the  Royal  Institution  of  Great  Britain 
has  had  in  offering  an  arena  for  some  and  an  asylum  for  others  of  those 
who  have  helped  to  bring  the  abstractions  of  science  to  the  service  of  all, 
is  a  book  which  may  well  receive  more  than  passing  notice.  The  Royal 
Institution  was  an  establishment  as  originally  conceived  for  the  benefit  of 
the  poor,  and  it  was  deemed  expedient  in  that  day  when  the  influence  of 
purely  altruistic  motives  was  less  thought  of,  that  it  was  desirable  to  render 
it  fashionable  to  cooperate  in  the  work  of  such  an  organization.  Count 
Rumford  was  an  enthusiast  for  philanthropy  in  the  direction  of  procuring 
comforts  and  conveniences  of  life  through  the  improvements  of  arts  and 
manufactures  due  to  science,  and  aimed  to  have  this  attained  by  effusing 
knowledge  and  full  philosophical  lectures  and  experiments.  It  was  in 
1802  that  Davy,  summoned  from  Bristol  some  months  before,  began  his 
first  lecture  which  marked  and  stamped  upon  the  Royal  Institution  the 
character  which  it  has  since  retained  and  which  up  to  that  time  it  had 
been  scarcely  able  to  acquire.  From  that  time  on  its  laboratories  became 
the  centres  of  much  of  the  deductive  experiments  in  chemistry  and  elec- 
tricity in  the  first  decade  of  the  century.  It  would  be  impossible  to  make 
details  of  reference  to  Davy  on  the  work  in  his  relation  as  head  of  the 
laboratory,  but  the  alkalis  and  alkaline  earths,  the  discovery  of  chlorine, 
fluorine,  and  his  investigations  on  carbon  in  form  of  the  diamond  are  but 
a  few  of  those  which  from  1803  until  his  health  failed  in  1824  emanated 
from  the  laboratories  of  the  institution. 

In  18 13  Michael  Faraday  entered  the  laboratory  as  assistant  to  Sir 
Humphrey,  and  from  that  time  on  they  worked  in  cooperation  and  in 
close  friendship. 

So  much  of  the  early  chemical  work  of  those  days  has  been  built  into  the 
foundations  of  modern  science  in  connection  with  the  contemporary  and 
later  work  of  others,  that  it  is  sometimes  hard  to  disentangle  the  work  of 
any  one  from  that  of  all,  but  the  name  of  Sir  Humphrey  Davy  is  inti- 
mately associated  in  the  minds  of  all  engineers  with  the  service  which  he 
rendered  among  the  fiery  mines  of  Great  Britian  by  the  invention  of  the 
Davy  safety  lamp.  The  collieries  of  the  North  of  England  have  been 
greatly  stimulated  by  the  developments  of  the  iron  business  after  puddling 
had  been  introduced,  and  by  the  improvements  in  the  steam  engine 
which  had  occasioned  a  much  more  wide  spread  application  of  machin- 
ery to  industry.  In  the  early  days  of  working  in  such  mines  the  shafts 
were  shallow  and  the  workings  usually  but  a  short  distance  from  the 
shafts.  These  were  conditions  which  enable  primitive  methods  of  venti- 
lation to  be  satisfactory,  although  the  explosions  from  the  use  of  naked 
lamps  had  not  been  unknown  under  the  earlier  conditions.  Ventilation 
by  furnace  was  introduced  in  England  in  1732,  and  attempts  to  light  by 
the  flow  of  sparks  from  steel  and  flint  had  been  attempts  to  avoid  the  use 
of  flame  light.  By  181 2  explosions  had  begun  to  become  frequent  and 
had  caused  a  loss  of  life  which  had  directed  public  attention  to  the  dan- 
gers of  the  miners,  and  a  society  was  formed  to  investigate  and  seek  for 
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remedies.  It  was  in  that  year  that  Davy  was  asked  to  give  attention  to 
the  subject,  and  after  some  exhaustive  experiments  he  discovered  the 
principle  that  explosive  mixtures  of  fire  damp  will  not  pass  through  small 
apertures  and  tubes,  and  it  was  on  November  9th  of  that  year  that  his 
first  paper  was  read  before  the  Royal  Society.  Its  ''Philosophical 
Transactions"  contains  illustrations  of  the  first  and  later  safety  lamp, 
and  are  reproduced  in  Mr.  Thorpe's  book.  The  lamp  was  immediately 
widely  introduced,  and  recognition  poured  in  upon  Davy  from  all  sides 
in  the  form  of  addresses,  public  meetings,  banquets,  sets  of  plate,  and 
the  like.  He  was  urged  by  several  of  his  friends  to  protect  his  invention 
by  a  patent.  They  suggested  to  him  that  its  value  would  be  represented 
by  five  or  ten  thousand  pounds  a  year,  but  his  letter  to  one  of  these 
fnends  contains  the  following  paragraph  : 

"My  sole  object  was  to  serve  the  cause  of  humanity,  and  if  I  have 
succeeded  I  am  amply  rewarded  in  the  gratifying  reflection  of  having 
done  so.  More  wealth  would  not  increase  either  my  fame  or  my  happi- 
ness. It  might  undoubtedly  enable  me  to  put  four  horses  to  my  carriage, 
but  what  would  it  avail  me  to  have  it  said  that  Sir  Humphrey  drives  his 
carriage  and  four." 

Mr.  George  Stephenson  had  also  been  working  on  very  much  the  same 
lines,  and  as  is  so  often  the  case  the  two  men  reached  the  same  result  by 
independent  investigation.  Davy's  solution,  however,  seems  to  have 
been  the  more  elegant  of  the  two  and  to  have  been  a  direct  deduction 
from  scientific  principles.  He  received  the  Rumford  medal  of  the  Royal 
Society  in  18 16  for  his  work  in  connection  with  flame  and  the  lamp. 
Realizing  what  such  a  laboratory  as  that  conducted  by  the  Royal  Institu- 
tion had  done  for  science  it  was  his  desire  that  similar  laboratories 
should  be  maintained  and  administered,  but  he  received  no  effectual 
support. 

There  is  much  of  interesting  personal  reminiscence  and  suggestion  in 
the  book  concerning  the  fishing  trips  which  Davy  took  and  his  friendship 
for  Sir  Walter  Scott.  One  who  was  present  at  an  evening  talk  of  Scott 
and  Davy  is  reported  to  have  said,  "This  has  been  a  very  superior  oc- 
casion ;  Sirs  I  wonder  if  Shakespeare  and  Bacon  ever  met  to  screw  each 
other  up." 

His  health  failed  in  1824  and  he  crossed  to  the  continent  for  travel  in 
warmer  climates,  experiencing  benefit  for  a  time,  but  he  was  never  en- 
tirely well  thereafter.  His  death  took  place  in  Geneva,  May,  28,  1829, 
and  his  monument  is  in  that  city.  F.  R.  H. 

A  Preliminary  Report  on  the  Clays  and  Clay  Industries  of  the  Coal  and 
Coal-bearing  Counties  of  Indiana.  By  W.  S.  Blatchley.  20th 
Ann.  Rept.  Dep't.  of  Geology  and  Natural  Resources.    Pp.  23-184. 

It  is  extremely  gratifying  to  see  one  more  State  recognize  the  impor- 
tance of  its  clay  resources,  and  especially  Indiana  whose  plastic  materials 
are  of  such  importance.  The  present  report  includes  the  counties  of 
Parke,  Fountain,  Vermilion,  Vigo,  Clay,  Owen,  Greene,  Sullivan,  Knox, 
Daviess,  Martin,  Dubois,  Pike,  Gibson,  Vanderburgh,  Warrick,  Spencer, 
Perry  and  Lawrence. 

After  a  brief  introduction  on  the  nature  and  classification  of  clays,  the 
deposits  are  described  by  counties.     Most  of  the  beds  are  interstratified 
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with  coal,  sandstone  and  shale,  and  they  are  often  of  excellent  quality. 
Many  sections  are  given  as  well  as  numerous  analyses. 

The  recent  nature  of  the  information  about  the  Indianaite  or  kaolin  of 
Lawrence  Co.,  is  interesting.  According  to  Mr.  Blatchley  the  deposits 
of  this  material  have  not  been  worked  since  1892,  and  prior  to  that  date 
was  only  used  for  sizing  paper. 

The  description  of  the  clay  deposits  is  followed  by  a  brief  account  of 
the  methods  of  manufacture. 

The  clay  products  produced  in  Indiana  together  with  their  annual 
value  are : 

Paving  brick, 1310,000 

Common  brick  and  drain  tile, 291,510 

Dry  pressed  brick,  .    .    .   ^ 160,000 

Earthenware  and  stoneware, 29,100 

Sewer  pipe  and  hollow  goods, 340,000 

Firebrick,    .    .    •    .    , 3^050 

Total, ^1,133,660 

Xx.   R. 
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METALLURGICAL  DEPARTMENT. 

A  new  feature  in  the  course  of  instruction  in  metallurgy  was  inaugurated 
this  year.  A  Summer  School  in  Practical  Metallurgy  was  held  at  Butte, 
Montana,  in  July,  at  the  expiration  of  the  time  devoted  to  the  Mining 
School. 

The  class  of  students  under  the  direct  supervision  of  Dr.  Struthers  took 
up  the  study  of  the  smelting  of  copper  and  silver  ores  at  Butte,  Mont. 
This  district  afforded  an  excellent  field,  as  Montana  produces  over  one- 
half  of  the  United  States*  supply  and  over  one-fourth  of  the  world's  sup- 
ply of  copper.  Montana's  production  for  1895  was  over  180,000,000 
pounds  of  copper  and  over  ^20,000,000  of  silver. 

The  requirements  were  strictly  adhered  to  and  comprised  all  the  im- 
portant data  relative  to  the  subject,  including  the  description  of  process  as 
employed  at  the  special  works  visited,  sketches  of  furnaces  with  dimen- 
sions, calling  for  plans,  sections,  elevations  and  special  drawings,  the 
chemistry  of  the  processes,  the  mechanical  handling  of  material,  labor, 
costs,  etc. 

Class  and  individual  instruction  were  given  by  Dr.  Struthers.  Note 
books  were  freely  used  and  were  corrected  and  criticized  before  the  fol- 
lowing day's  work,  while  the  subject  was  fresh  in  mind. 

All  the  smelting  and  refining  works  at  Butte  were  visited  and  studied, 
and  the  mammoth  plant  at  Anaconda,  which  treats  four  thousand  tons  of 
ore  daily,  was  also  visited,  including  the  large  electrolytic  department 
where  the  gold  and  silver  contents  of  the  copper  are  electrolytically  sepa- 
rated and  the  copper  purified. 
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This  year  the  summer  school  was  optional  and  it  is  gratifying  to  note 
the  full  attendance  of  the  students  and  the  excellent  quality  of  their  work. 

It  is  to  be  hoped  that  this  important  factor  in  the  instruction  of  metal* 
lurgy  will  be  made  permanent.  Metallurgy  is  an  eminently  practical 
subject,  and  the  lectures  should  be  supplemented  by  practical  work  of 
this  character  in  order  that  the  student  should  possess  a  rounded  knowl- 
edge of  the  subject.  It  is  as  important  for  the  instruction  in  metallurgy 
as  a  dissecting  room  is  in  the  study  of  anatomy. 

Dr.  Struthers  extended  his  trip  through  all  the  important  smelting  works 
in  the  West  and  in  British  Columbia,  spending  over  three  months  in 
visiting  more  than  forty  establishments,  securing  many  new  drawings  and 
fa'ts  for  the  benefit  of  the  Department.  Many  valuable  specimens  illus- 
trating the  various  processes  were  aUo  gathered  for  the  metallurgical  col- 
lection. 

From  the  following  list  may  be  seen  the  severity  of  the  requirements : 


COLUMBIA    UNIVERSITY    IN    THE   CITY   OF   NEW   YORK. 

SCHOOL  OF  MINES. 

SUMMER  SCHOOL  IN  PRACTICAL  METALLURGY,  1896. 

Scheme  of  Study  :  The  smelting  of  copper  ores  at  Butte  City,  Montana. 

A.     Ore  Roasting. 

1.  S/a//  Roasting,  Construction.  Kind  of  brick  and  how  bound. 
Make  sketch  showing  arrangement  in  group  and  give  height,  width  and 
depth ;  describe  flues  for  admitting  air  to  stall  and  removing  gases  to 
chimney.  Working.  How  filled ;  size  of  ore ;  fuel  used ;  total  capac- 
ity; time  of  roasting;  composition  of  ore  before  and  after  roasting; 
cost  per  ton. 

2.  Furnace  Roasting,  (a)  Single  hearth.  Construction.  Kind  of 
brick  and  how  built;  sketch  plan  of  hearth,  showing  doors  and  fire 
place.  Dimensions  required.  Fire-place  and  hearth.  Working.  How 
charged ;  how  moved  through  furnace ;  how  discharged ;  sulphur  con- 
tents of  ore  before  and  after  roasting ;  fuel  used ;  cost  per  ton. 

(^)  Mechanical  Furnaces.  The  Kellar  Furnace.  Construction. 
Kind  of  brick  aud  how  built.  Sketch  transverse  and  longitudinal  sec- 
tions; detailed  sketch  of  rabbles  and  plows;  describe  fire-places;  de- 
mechanism  for  moving  rabbles,  power  required.  Dimensions  required. 
Exterior  length,  width  and  height.  Interior  length,  width  and  height  of 
hearth  and  width  of  slot ;  total  hearth  area.  Describe  the  manner  of 
closing  slots  and  ends  of  hearth  ;  time  of  rabble  passage  and  power  re- 
quired. Working.  How  charged ;  how  moved  through  furnace,  how 
discharged ;  thickness  of  ore  on  hearth ;  sulphur  contents  of  ore  before 
and  after  roasting ;  fuel  used ;  capacity  per  day ;  cost  per  ton  ;  total  cost 
of  furnace. 

(r)   The  Wethey  Furnctce.     As  above. 

{d)  The  Allen  0*Harra  Furnace,  As  above,  substituting  detailed 
sketch  of  chain  and  plows  for  the  rabble  and  slots. 

{e)  The  Pearce  Turret  Furnace.  Single.  Construction ;  outline 
sketch  showing  general  design ;  give  plan  of  hearth ;  sketch  of  fire-place, 
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showing  ash  pit,  grate  bars  and  curtain  arch;  mechanism  for  passing 
material  through  furnace.  Best  shown  by  section  of  hearth  and  plan  of 
rotating  arms ;  detailed  sketch  of  arms  and  plows.  Dimensions  required. 
Total  diameter ;  diameter  inside  space ;  interior  width  and  height  of 
hearth,  fire-place  and  hopper;  discharge  opening  for  roasted  material. 
Describe  dust  chamber,  flue  and  chimney.  State  kind  of  brick  used  and 
how  bound.  Working.  Composition  and  size  of  ore  treated ;  describe 
charging ;  passage  through  furnace ;  discharging ;  air  introduction  to 
hearth  and  fire-place.  Ascertain  furnace  capacity  per  24  hours;  fuel 
consumption  ;  amount  of  sulphur  before  and  after  roasting ;  time  of  arm 
rotation  ;  power  required  for  same ;  labor ;  cost  per  ton  under  conditions 
existing  here ;  repairs ;  total  cost  of  furnace  construction. 

(/.)  Pearce  Turret  Furnace,  Double,  As  above  with  detailed  de- 
tailed description  of  2d  hearth  and  arrangements  of  hearths  and  fire- 
places. 

(if)  Circular  Calciners.  How  constructed  and  of  what  material. 
Give  vertical  section,  showing  hearths;  detailed  sketch  of  revolving 
arms.  Dimensions.  Exterior,  diameter  and  height,  interior,  width  and 
height  of  hearth.  Working.  Describe  charging,  passage  of  material 
through  furnace  and  discharging.  Ascertain  composition  of  ore  before 
and  after  treatment,  cost  per  ton,  total  cost  of  furnace.  (Note  no  fuel 
used). 

B.  Smelting  for  Matte. 

1.  Shaft  Furnace,  Describe  construction;  make  transverse  section,, 
showing  interior  shape,  water  jackets  and  tuyeres.  Detailed  description 
of  fore-hearth.  Ascertain  number  and  size  of  tuyeres ;  pressure  of  blast. 
Dimensions  required.  External  length,  width  and  height  of  hearth, 
water  jackets  and  shaft.  Internal  section  at  tuyeres  and  at  charging  floor ; 
height  of  charge  from  tuyere  to  top ;  depth  of  molten  material  in  fur- 
nace ;  give  details  of  four-hearth  and  slag  pots.  Working.  Composition 
and  size  of  ore,  fiux,  fuel.  Composition  of  slag  -and  matte.  Describe 
charging,  removal  of  slag  and  matte.  Enquire  capacity  per  24  hours 
under  stated  conditions ;  labor;  cost  per  ton  of  matte  produced. 

2.  Reverberatory  Furnace,  Construction.  Make  horizontal  and  ver- 
tical sections ;  sketch  end  elevation,  showing  fiue  and  chimney  ;  kind 
brick  used  and  how  held  together ;  composition  of  hearth  ;  if  air  is  pre- 
heated describe  method.  Working.  Composition  of  material  treated, 
how  charged ;  composition  of  slag  and  matte,  how  removed  from  furnace ; 
kind  of  fuel  used ;  amount  per  ton  of  matte  produced  ;  labor.  Enquire 
capacity  per  24  hours  and  cost  per  ton  of  matte  produced  under  stated 
conditions ;  total  cost  of  furnace. 

C.  Treatment  of  Matte. 

Bessemerizing  Copper  Matte,  Construction.  Make  sketch  showing 
method  of  construction  and  how  rotated ;  details  of  stand,  top,  centre 
and  bottom  shell ;  how  held  together ;  describe  wind  box,  tuyeres  and 
plugs,  lining.  VVorking.  Composition  of  matte  treated  and  product ; 
how  charged ;  skimmed  and  discharged ;  pressure  and  amount  of  blast ; 
length  of  blow ;  capacity  under  stated  conditions ;  cost  per  ton  of  matte 
treated.  JOSEPH  STRUTHERS,  Ph.  D., 

Butte,  Montana,  July  11 ,  i8g6. 
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MINERALOGICAL  DEPARTMENT. 

Resignation  of  Prof.  Egleston. — ^Dr.  Egleston,  the  founder  of  the 
School  of  Mines  and  head  of  this  Department  for  thirty-three  years,  has 
resigned  on  account  of  ill  health  and  has  been  made  Professor  Emeritus. 
The  resignation  takes  effect  June  30,  1897.  His  successors  have  not 
been  appointed. 

Mineralogy  in  the  College. — ^The  five  undergraduate  courses  in 
this  department  have  been  made  electives  in  the  new  curriculum  of  the 
College  and  the  Faculty  of  the  College  has  also  approved  at  their  meeting 
of  October  23d,  the  following  course  in  General  Mineralogy  designed  as 
an  introductory  course  to  mineralogical  work  under  the  Faculty  of  Pure 
Science  and  replacing,  for  this  purpose  the  special  technical  courses 
hitherto  made  prerequisites: 

General  Mineralogy. — First  term:  definitions,  prtnciples  and  laws, 
crystal  forms,  appearance  and  properties  of  common  minerals,  practical 
determination  of  minerals.  Second  term :  physical  properties  of 
crystalline  substances  with  practice  in  elementary  determination  of 
physical  constants  and  measurement  and  delineation  of  geometric  form. 

University  Courses. — In  order  to  secure  a  series  of  university  courses 
which  can  be  based  upon  this  course  as  a  foundation.  Courses  VII.,  VIII. , 
IX.  and  X.  have  been  rearranged  as  follows: 

VII.  (Especially  a  minor  course  for  geologists. ) 

Optical  Mineralogy. — Longer  course,  including  principles,  apparatus 
and  distinguishing  characters  of  minerals  in  sections,  determination  of 
optical  constants,  study  of  microstructure,  microchemical  tests,  separa- 
tion of  constituents  and  preparation  of  sections. 

Vni.  (Especially  a  minor  course  for  chemists. ) 

Physical  Crystallography Optical,  thermal,  electric  and  magnetic 

properties  of  crystals  with  experiments,  the  geometric  form  with  meas- 
urement and  delineation,  the  effects  of  mechanical  forces,  theories  of 
structure. 

IX.  (Major  course  for  mineralogists.) 

Physical  Crystallography Longer  course,  including  study  of  the 

crystals  of  some  isomorphous  group,  the  artificial  preparation  of  the 
crystals  and  their  physical  and  chemical  properties. 

X.  Mineralogy. — (Major  course  for  mineralogists. ) 
Study  of  assigned  group  or  species. 

Arrangements  at  the  New  Site. — ^The  collection  will  occupy  a  room 
50^x75' with  a  narrow  gallery  on  one  side.  This  will  permit  an  ex- 
pansion of  about  ten  cases.  There  are  several  directions  in  which,  by 
judicious  selection,  the  specimens  illustrating  a  certain  phase,  may  be 
brought  together  and  made  more  valuable.  The  purely  systematic  col- 
lection, arranged  by  composition  and  crystalline  form,  is  always  essen- 
tial for  the  study  of  the  individual  species  and  their  relations  to  each 
other.  Such  a  collection  will,  almost  universally  be  arranged  in  order 
of  the  acid  constituent,  and  with  fairly  constant  proportionate  allot- 
ment of  space.  For  instance,  the  systematic  mineralogical  collections 
of  South  Kensington  museum,  Berlin  museum  and  Vienna  museum  are  ar- 
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ranged  in  nearly  the  same  order  and  the  space  allotted  is  proportioned 
approximately  as  follows : 

South  Approx. 

Kensington.        Berlin.  Vienna.         Average. 

Native  elements 5  5  5  5- 

Compounds  of  Metals  with  Arsenic  \        _^-/  _^  ,«  ,^ 

and  Sulphur  Grx)ups            /       ">^  ^5  "  »5 

Compounds  of  Metals  with  *)                         ,  ^ 

Chlorine  group            ]■  •    .   •          4/i  5  «  5 

Silica 1%  5  4  S'A 

Other  Oxides, Hydroxides  ^ 

and  Hydrates           |  .    .    .   .        ,1^  „  ^  ,^,^ 

Carbonates I2^  9>^  14  12 

Silicates 28  35  19  27 

Sulphates,  etc 5  5  9  6 

Chromates,  Molybdates,  etc.     .   .   .          2^  2  2 

Phosphates,  Arsenates,  etc 8^  7  10  8^ 

Organic 2  2 

Sundries 2^  o^  4  i>< 


^2 
icx>  100  100  zoo 


But  collections  arranged  with  some  other  end  in  view  are  also 
greatly  needed.  In  our  own  department  nearly  half  of  the  collection  is 
arranged  to  bring  the  ores  of  the  same  metal  together,  and  small  special 
collections  have  been  developed  as  pseudomorphs,  characters  of  minerals, 
crystals,  etc.  Under  characters  of  minerals  may  well  be  included  not  only 
form,  structure  and  physical  properties,  but  paragenesis,  as  illustrated  by 
inclusions,  parallel  growths,  secondary  growths,  etc.,  and  chemical  prop- 
erties, as  illustrated  by  isomorphism,  dimorphism,  etching,  solubility, 
pseudomorphism,  decomposition,  etc. 

There  may  be  also  technical  collections  of  mining  products,  raw 
material  for  chemical  industries,  precious  and  ornamental  stones,  collec- 
tions of  laboratory  crystals  and  synthetically  prepared  minerals. 

Directly  under  the  collection  room  is  another  room  of  equal  size, 
which  to  keep  as  brightly  illuminated  as  possible  will  be  considered  to 
constitute  three  rooms  practically  without  partitions.  The  mineralogical 
and  blowpipe  laboratories,  which  have  hitherto  been  combined  to  the 
great  detriment  of  mineralogical  work,  will  be  separated.  The  lecture 
room  and  the  mineralogical  laboratory  will  be  in  one,  with  suitable 
desks,  facing  the  professor's  pulpit,  supplied  with  streak  plates,  hard- 
ness scales,  etc.,  while  at  the  windows  there  will  be  hand-blast  blow- 
pipes, blowpipe  reagents  and  a  large  hood  for  testing  solubilities.  Stu- 
dent and  lecture  collections  will  be  in  this  room  also. 

The  blowpipe  laboratory  will  be  the  southeastern  end  of  the  room, 
and  will  not  differ  from  the  present  room  materially.  It  is  hoped  that  all 
or  part  of  the  apparatus  hereafter  may  belong  to  the  department  and  be 
loaned  to  the  students.  A  small  room  will  be  partitioned  off  as  a  labora- 
tory for  analytical  and  synthetical  researches. 

On  the  first  floor  a  large,  light  annular  space  under  the  great  lecture 
room  will  be  fitted  for  microscopic  work.  Two  dark  rooms  on  the  base- 
ment mazzanine  floor  will  be  divided  by  curtains  into  small  rooms  for 
goniometrical  work,  work  with  monochromatic  light  and  photography. 

A  small  room  in  the  basement  will  contain  the  saws  and  grinders  for 
preparation  of  thin  sections  and  the  cutters  and  breakers  used  in  prepara- 
tion of  material  for  collection. 
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A  large  room  has  been  set  aside  as  office  and  library^  and  it  is  pro- 
posed to  transfer  to  the  department  all  periodicals,  monographs  and 
special  works  on  mineralogy  and  crystallography  from  the  University 
Library,  with  such  current  text-books  as  are  desired.  The  large  card 
catalogue  is  being  pushed  to  completion  and  now  comprises  nearly  20,000 
cards. 

Improved  Equipment.  —  The  equipment  is  being  expanded  as 
rapidly  as  funds  will  permit.  Many  of  the  latest  forms  of  apparatus'^ 
have  been  added  this  year,  including : 

No,  VL  Fuess  Microscope  with  simultaneously  rotating  nicols. 

Six  Seibert  lithohgical  microscopes  11  A, 

KUin^s  universal  rotation  apparatus  for  crystals ^  especially  for  deter- 
mination of  optical  principal  sections  and  measurement  of  angles  between 
optic  axes  in  liquids  of  high  index  of  refraction. 

KUin^s  universal  rotation  apparatus  for  thin  sections  y  especially  for  ex- 
act orientation  of  haphazard  sections  and  determination  of  their  optical 
constants. 

Traube^s  apparatus  for  darkening  field  of  goniometer. 

Laspeyere^s  burner  for  monochromatic  light.     Lamp  for  goniometer, 

^//^/^f^n/ /^r  converting  Fuess  goniometer  into  an  axial  apparatus. 

Attcuhment  for  deliquescent  crystals  Fuess  goniometer. 

Von  Federow  Mica  wedges  for  measuring  strength  of  double  refrac- 
tion. 

Models  of  positive  and  negative  uniaxial  indicatrices  and  of  the  biaxiai 
indiccUrix  with  sections  normal  and  oblique  to  optic  axes. 

ApparcUus  for  electrical  heating  on  stage  of  microscope. 

Total  refiectometer. 

Photographic  camera  for  microscope* 

Other  orders  are  outstanding  which  will  make  the  equipment  still  more 
complete. 

MiCROCHEMiCAL  Tests. — To  illustrate  the  microchemical  tests  com- 
monly used  on  thin  sections  in  contradistinction  to  the  innumerable  tests 
on  record,  a  small  series  has  been  prepared  in  which  each  section  has  been 
cut  in  two,  one-half  being  treated,  the  other  kept  unaltered.  The  meth- 
ods employed  are  principally  confined  to  the  effect  of  heat  in  browning 
certain  minerals  containing  iron  or  carbonaceous  material,  and  reactions 
with  hydrofluoric  acid  on  silicates,  either  in  producing  crystals  of  some 
definite  compound  or  in  the  production  of  a  jelly. 

The  cover  glasses  were  removed  by  warming,  their  surfaces  washed 
with  a  mixture  of  alcohol  and  benzole ;  a  cut  is  made  with  a  diamond  on 
the  section,  then  heat  applied  and  the  desired  portion  lifted  and  dropped 
into  benzole  and  alcohol,  from  which  it  is  removed  to  platinum  foil  or 
balsamed  glass,  submitted  to  treatment,  replaced  on  an  object  glass  with 
very  dilute  balsam  and  covered. 

The  series  is  as  follows  : 

1,2.  Hornblende  Schist  of  Militz^  Saxony,  By  heating  on  platinum 
foil  without  blowpipe  the  green  hornblende  is  made  brown. 

3,  4.  Leucitophyre  of  Rieden^  Laach.  By  heating  with  blowpipe  the 
green  augite  is  made  brown. 

*  Described  N.  K  Acad,  Science, 
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5,  6.  Basalt  of  Braunrode,  Meissen.  By  heating  without  blowpipe 
the  augite  is  unchanged,  the  olivine  is  made  nearly  black. 

7,8.  Serpentine  ^ Rauhenthaly  Alsace,  By  heating  without  blowpipe 
the  serpentine  is  little  altered »  retaining  its  aggregate  polarization. 

9,  lo.  Diabase  of  Freseburg,  Hartz,  By  heating  without  blowpipe 
the  chlorite  is  much  browned. 

II,  12.  Dichroite  Gneiss  of  BodenmaiSy  Bavaria,  Heated  with 
blowpipe  the  dichroite  in  the  section  did  not  alter,  but  a  fragment  so 
heated  became  blue  or  greenish. 

Phonolite  of  Bruxer^  Schlossberg,  Treated  for  3  hours  in  dilute 
(i-io)  HCl,  then  much  diluted  and  left  36  hours,  then  repeatedly 
washed  and  treated  with  very  dilute  fuchsin  a  jelly  formed  on  nephelite 
which  was  colored  by  the  fuchsin. 

14.  Nephelite  grain  placed  on  glass  which  has  been  completely  covered 
with  Canada  balsam  to  prevent  acid  attacking  glass  treated  with  drop  of 
HFl  and  the  resultant  crystals  twice  recrystallized  in  drop  of  water,  gave 
short  hexagonal  columns  of  sodium  silicofluoride. 

15.  Chrysolite  grain  similarly  treated  gave  rhombohedra  of  magnesium 
silicofluoride  with  strong  double  refraction. 

16.  Plagioclase  grain  gave  long  pointed  cr)rstals  and  rosettes  of  the 
calcium  salt. 

1 7.  Granite  of  Baveno,  Lake  Maggiore,  treated  with  HFl,  then  with 
fuchsin  should  have  shown  most  color  on  plagioclase,  less  on  orthoclase, 
none  on  quartz.     The  results  were  not  good. 

18.  19.  Phonolite  of  Pldren,  containing  colorless  unaltered  Haiiynite 
and  nosite,  heated  .the  haiiynite  became  blue,  the  nosite  remained  color- 
less.    This  test  will  not  work  if  the  minerals  are  decomposed. 

20.  Phonolite  of  Pldren.  Treated  with  Lemburg's  solution  (HFl  + 
AgNOg)  the  haiiynite  became  brown. 

Graphitoid  vs.  Graphite,  the  powder  of  the  former  becomes  white  by 
heat,  that  of  the  latter  remains  black. 

Publications. — The  series  of  text-books  on  Mineralogy  is  being  com- 
pleted, the  second  edition  of  the  Mineralogy  by  Profs.  Moses  and  Parsons  is 
now  being  printed  and  a  supplementary  work  entitled  "An  Introduction 
to  the  Study  of  the  Characters  of  Crystals  "  is  in  preparation.  Dr.  Luquer 
is  also  making  progress  with  his  book  upon  optical  mineralogy  for  stu- 
dents which  deals  more  with  the  phenomena  as  exhibited  in  thin  sections. 


GEOLOGICAL  DEPARTMENT. 

Professor  Kemp  left  on  May  28  with  the  class  of  the  regular  Summer 
School  in  Mining  and  Geology,  and  made  the  first  stop  at  Niagara  Falls 
and  Lockport.  Two  days  and  a-half  were  passed  in  studying  the  Silurian 
exposures  at  these  places  and  the  overlying  Devonian  in  the  outskirts  of 
Buffalo.  Beginning  at  Lockport,  the  class  passed  from  the  upper  beds  of 
the  Niagara  limestones  on  the  Erie  Canal  downward  across  the  Niagara 
shales  and  Clinton  limestones  and  shales  to  the  Medina  sandstones,  which 
are  well  exposed  in  the  local  quarries.  At  Niagara  a  trip  was  made  to 
Lewiston  by  cars,  and  a  return  journey  on  foot  through  the  gorge,  so 
as  to  observe  the  same  succession  of  strata  as  at  Lockport,  and  to  study 
the  wonderful  exhibition  of  erosion  afforded  by  the  gorge.    The  problem 
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of  the  development  of  its  drainage  was  set  forth  on  the  banks  of  the 
Whirlpool,  so  that  the  class  could  understand  the  scientific  and  popular 
interest  that  attaches  to  Niagara  as  a  measure  of  the  time  that  has  elapsed 
since  the  Glacial  period.  At  Buffalo  the  cement  quarries  in  the  northern 
part  of  the  city  were  visited  and  observation  was  directed  to  the  Water- 
Ime  beds  and  the  Corniferous  limestone. 

The  class  then  boarded  the  train  for  Chicago,  where  a  part  of  the  next 
day  was  passed  in  visiting  the  lime  and  building  stone  quarries  of  that 
city,  which  expose  the  same  Niagara  limestone  that  had  been  previously 
seen  in  New  York  State.  Again  boarding  the  cars  a  ride  of  two  nights 
and  a  day  brought  the  party  across  Illinois,  Iowa,  Nebraska  and  about 
two- thirds  of  Wyoming,  until  Point  of  Rocks  was  reached.  Here  at 
6:30  one  morning  all  alighted  for  a  trip  into*  the  Bad  Lands  to  the  Leucite 
Hills,  a  remarkable  series  of  lava  flows  and  low  cones  that  have  afforded 
rare  rocks  containing  the  interesting  minerals  which  give  the  hills  their 
name.  Unfortunately,  the  available  maps  indicated  a  nearer  location  to 
the  station  than  the  actual  geography  warranted.  A  spring,  too,  that  is  re- 
corded on  the  map  proved  so  far  in  the  wilderness  that  it  was  not  even  seen. 
The  class  had  a  fine  opportunity  to  observe  the  Laramie  strata  and  the 
characteristic  topography  and  geology  of  the  Bad  Lands.  After  a  hard 
and  inordinately  thirsty  trip.  Prof.  Kemp  and  four  of  the  class  reached 
the  lava  flow,  secured  specimens  and  tramped  back  after  the  others  who 
had  previously  returned.  No  serious  results  accrued  and  the  trip  passed 
into  history  as  one  of  the  finest  to  remember  that  the  party  had  ever 
experienced. 

Resuming  the  journey  by  an  evening  train,  the  next  day  brought  the 
class  to  Butte.  The  following  morning  the  class  ascended  the  rhyolite 
butte  and  walked  along  the  outcrops  on  which  are  located  the  principal 
belts  of  mines.  Observation  was  directed  to  the  granites,  rhyolites  and 
local  mineralogy  of  the  veins.  The  second  day  the  tramp  was  to  the 
south  along  the  railways  to  the  Bluebird  mine.  The  basic  and  acid 
granites  were  found  well  exposed  and  their  relations  were  studied.  Re- 
turning, various  silver  mines  were  visited,  including  the  Alice,  the  Moul- 
ton,  the  Lexington  and  others  without  going  underground.  The  third 
day  the  class  tramped  to  the  bordering  hills  to  the  north,  studying  the 
gossan  of  the  undeveloped  veins  and  the  remarkably  weathered  granite, 
and  visiting  a  small  placer  workings.  The  fourth  and  final  day  of  geo- 
logical work  was  passed  in  a  trip  to  the  east,  to  the  new  developments 
that  are  testing  the  eastern  extension  of  the  lodes,  thence  through  the 
Great  Northern  tunnel  and  over  two  divides  to  Columbia  Gardens,  from 
which  all  returned  to  Butte  and  the  geological  work  closed.  Thanks  are 
due  to  Mr.  W  D.  Thornton,  who  piloted  the  party  around  and  who  con- 
tributed in  a  very  essential  way  to  the  success  of  the  work.  The  purpose 
of  the  trips,  besides  the  acquiring  of  geological  experience,  was  to  give 
the  class  an  idea  of  the  local  geology  before  the  underground  work  was 
taken  up  by  Professor  Peele. 

Professor  Kemp  with  C  A.  Macy,  '95,  went  over  the  divides  on  a  col- 
lecting trip  into  Idaho,  after  the  geological  work  closed  and  under  the 
guidance  of  H.  H.  Armstead,  Jr.,  saw  something  of  a  little  known  por- 
tion of  the  State.  Subsequently  on  the  way  home,  the  Yellowstone  Park 
was  visited,  and  the  Black  Hills,  and  many  valuable  additions  were  made 
to  our  collections.  In  the  Black  Hills,  especial  courtesies  were  extended 
by  Professor  F.  C.  Smith,  of  the  School  of  Mines  at  Rapid  City. 
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August  and  September  were  passed  by  Professor  Kemp  in  field  work  in 
the  eastern  Adirondacks  in  the  employ  of  the  U.  S.  Geological  Survey. 
During  August,  D.  H.  Newland,  fellow  in  geology,  accompanied  him, 
and  in  September,  John  D.  Irving,  graduate  student. 

During  the  summer  Mr.  Hollick  and  Mr.  Newland  explored  the  serpen- 
tine area  of  Staten  Island,  for  the  purpose  of  obtaining  observations  and 
material  to  assist  Mr.  Newland  in  his  thesis  on  the  subject.  Two  minerals 
not  before  recorded  from  Staten  Island  were  amongst  the  material  col- 
lected. Valuable  observations  were  made,  which,  it  is  hoped,  may  assist 
in  the  solution  of  the  problem  as  to  the  origin  of  serpentine.  Mr.  Hollick 
also  visited  the  clay  marl  exposure  at  ClifTwood,  N.  J.,  where  new  and 
interesting  fossils  were  obtained,  and  made  a  reconnoissance  of  Block 
Island  and  Montauk  Point,  in  both  of  which  places  interesting  material 
was  found.  The  first  recorded  proof  of  the  existence  of  Cretaceous  strata 
on  Block  Island  was  one  of  the  results  of  the  trip.  Mr.  Hollick  has  re- 
cently been  appointed  by  the  New  Jersey  Geological  Survey,  to  examine 
and  report  upon  the  relation  between  geological  formations  and  the  dis- 
tribution of  vegetation  throughout  the  State. 

Mr.  van  Ingen  spent  a  part  of  the  month  of  July  at  Baterville,  Inde- 
pendence County,  Aakansas.  The  Paleozoic  rocks  of  the  vicinity  were 
studied  and  large  collections  of  fossils  secured.  A  fauna  new  to  Arkansas 
was  found  in  the  Ordovician  rocks.  Silurian  material  from  St.  Clair 
Spring  and  Cave  Creek  was  obtained  in  abundance  and  a  representative 
collection  of  the  Devonian  that  occurs  in  the  midst  of  the  Sub-Carbonif- 
erous at  Spring  Creek  was  secured.  Notes  were  also  taken  on  the  occur- 
rence of  the  Manganese  deposits  and  specimens  to  illustrate  the  observa- 
tions were  obtained.  The  excessive  heat  soon  put  a  stop  to  field  work 
fortunately  after  the  more  important  work  mapped  out  had  been  accom- 
plished. The  work,  though  of  short  duration,  is  considered  to  have  been 
very  profitable. 

Mr.  Theodore  G.  White,  assisted  by  Mr.  Charles  Of,  '96,  spent 
August  and  part  of  September  in  collecting  additional  material  for  his 
monograph  upon  the  Trenton  Formation  in  the  Lake  Champlain  Valley. 
The  localities  visited  this  season  were  as  follows :  Fort  Frederick,  N.  Y. 
and  Chimney  Point,  Vt.,  both  near  Port  Henry,  N.  Y.,  where  a  section 
extending  from  the  Calciferous  well  up  into  the  Trenton  formation  was 
carefully  surveyed  and  measured,  and  an  extensive  series  of  fossils  col- 
lected from  the  87  different  zones  distinguished.  Similar  work  was  done 
in  regard  to  an  extensive  section  on  Grand  Isle  (South  Hero)  Vermont. 
Some  time  was  spent  in  the  vicinity  of  Plattsburgh  and  Beekmantown, 
N.  Y.,  at  Cumberland  Head  and  Point  au  Roches,  in  order  to  determine 
the  possible  relations  of  a  peculiar  Trenton  fauna  discovered  during  the 
geological  trip  of  1895,  and  in  which  fossils  hitherto  only  figured  from 
Newfoundland  were  found.  Chazy,  N.  Y.,  Adam's  Ferry  and  Panton, 
Vt.,  were  also  visited  and  collections  made.  Altogether  12  boxes  of 
specimens,  representing  probably  1,500  pounds  were  added  to  the  study 
collections  of  the  Upper  Ordovician  by  Mr.  White's  trip.  A  number  of 
dykes  not  recorded  in  either  of  the  previous  papers  on  the  igneous  rocks 
of  the  Lake  Champlain  Valley  were  discovered.  One  of  these  of , especial 
interest  was  thickly  brecciated  with  fragments  of  granite,  hornblende, 
feldspar,  etc.  This  occurs  on  Cumberland  Head.  Another  from  Grand 
Isle,  in  a  bed  of  most  marvelously  distorted  slaty  limestone,  had  both 
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walls  completely  altered  to  a  friable  sandstone,  while  the  centre  remained 
quite  fresh.  Considerable  attention  was  devoted  to  recording  the  direc- 
tions of  faulting  and  cleavage  development,  so  prevalent  there,  in  the 
hope  of  determining  the  relations  of  the  several  sets  of  cleavage  and 
perhaps  deducing  a  rule  for  them.  The  correlated  results,  however,  dis- 
close no  rule  applicable  in  all  cases. 

Mr.  White  also  spent  some  time  in  western  Massachusetts,  and  the  neigh - 
borii^  portion  of  New  York  and  Vermont.  Here  he  prepared,  and  has 
donated  to  the  University,  a  set  of  the  Rocks  of  the  Original  Taconic 
System,  made  famous  by  the  early  writings  of  Emmons,  and  the  recent 
monograph  of  Messrs.  Wolff,  Pumpelly  and  Dale. 

The  Department  is  again  indebted  to  Dr.  Heinrich  Ries,  '92,  for 
valuable  contributions  to  its  collections  of  rocks  and  fossils,  which  were 
recently  gathered  in  Colorado  and  New  Mexico.  Some  excellent  things 
have  also  come  from  a  trip  made  by  a  regular  collector  in  our  employ  in 
Utah  and  Wyoming. 

In  I>ecember  the  first  of  the  Saturday  evening  courses  of  lectures  at  the 
American  Museum  of  Natural  History  will  be  geological  in  their  nature. 
The  first,  December  5,  will  be  by  Prof.  Kemp  on  The  Rocky  Mountains. 
The  second,  December  12,  will  be  by  Dr.  C.  Willard  Hayes,  of  the 
U.  S.  Geological  Survey,  recently  geologist  to  the  Alaska  Boundary 
Commission  ^  its  title  is  The  Mountains  of  Alaska.  The  third,  Decem- 
ber 19,  is  to  be  by  Mr.  Bailey  Willis,  Mines,  '78,  of  the  U.  S.  Geolog- 
ical Survey,  on  The  Cascade  Range.  The  fourth  and  last  will  be  by  Mr. 
Herbert  M.  Wilson,  Mines,  '82,  of  the  U.  S.  Geological  Survey,  on  the 
Sierra  Madre  of  Mexico.  The  Department  takes  especial  pleasure  in 
having  the  University  recognize  in  this  way  the  good  work  of  its  graduates. 

DEPARTMENT  OF  MINING. 

The  Summer  School  of  Mining  was  held  this  year  at  Butte,  Montana, 
with  a  class  of  eleven  students.  Adjunct-Professor  Peele  left  New  York  on 
May  30th  to  make  arrangements  for  the  session,  and  underground  work 
was  begun  June  nth. 

Previous  to  this  date,  en  route  to  Butte,  and  in  the  vicinity  of  the  city 
Itself,  the  class,  under  the  direction  of  Prof.  Kemp,  devoted  about  one 
week  to  field  geology. 

On  account  of  the  great  distance  from  New  York,  and  the  consequent 
expense  to  the  students,  the  decision  to  go  to  Butte  was  reached  only  after 
careful  consideration,  but  now  that  the  work  is  done  it  is  believed  that 
no  better  choice  could  have  been  made.  The  very  large  output,  both  in 
tonnage  and  value,  and  the  variety  of  mining  and  metallurgical  operations 
presented  for  study,  make  the  Butte  district  exceptionally  well  adapted 
for  our  purposes. 

First  in  importance  among  the  mines  is  the  property  of  the  Anaconda 
Copper  Mining  Co.,  producing  about  4,000  tons  of  ore  per  twenty-four 
hours,  about  equaling  the  production  of  the  Calumet  and  Hecla  in  ton- 
nage, but  surpassing  it  in  value  of  output  on  account  of  the  higher  grade 
of  the  ore.  Other  large  companies  are  the  Boston  and  Montana,  Parrot, 
Colorado  Smelting  and  Mining  Co.,  Butte  and  Boston,  and  Montana  Ore 
Purchasing  Co.,  besides  which  are  a  number  of  smaller  concerns.  While 
copper  is  the  chief  product  of  these  mines,  in  some  of  them  silver  is  asso- 
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ciated  with  the  copper,  the  useful  metals  occurring  in  base  combinations 
requiring  an  elaborate  treatment  in  smelting,  or  concentration,  or  both. 
In  addition  to  the  copper-silver  properties  the  district  contains  several 
large  silver  mines,  producing  no  copper,  notably  the  Lexington  and  the 
Alice,  but  owing  to  the  low  price  of  silver  these  are  now  worked  only  in 
a  small  way.  The  well-known  Blue  Bird  silver  mine  and  mill  are  entirely 
shut  down.  All  these  mines  lie  in  a  small  area,  of  a  few  square  miles, 
immediately  in  and  around  the  city  of  Butte,  which  now  contains  about 
40,000  inhabitants.  They  are  at  elevations  of  from  5,600  to  6,000  feet 
above  sea  level.  Most  of  the  reduction  works  and  concentrators  are  close 
to  the  town,  but  the  great  works  of  the  Anaconda  Co.,  at  which  their 
entire  product  is  treated,  are  situated  at  Anaconda,  twenty-eight  miles 
from  Butte. 

The  deepest  shafts  of  the  district  are  at  the  present  time  down  to  about 
1,500  feet.  Nearly  all  of  them  are  vertical,  with  two  hoisting  compart- 
ments, the  principal  exception  being  the  main  Gagnon  shaft  of  the  Colo- 
rado Smelting  and  Mining  Co.  This  shaft,  at  which  the  detailed  under- 
ground work  of  the  class  was  done,  is  now  down  to  the  1,400  level  and 
is  an  incline  at  about  75^  to  the  horizontal.  In  the  Butte  shafts  flat 
ropes  are  almost  invariably  used  for  hoisting — a  practice  exceptional  in 
the  United  States,  outside  the  mines  of  the  Comstock  lode.  Flat  ropes 
are  to  be  employed  even  for  the  new  2,200  horse-power  compound  hoist- 
ing engines  now  being  installed  at  two  of  the  Anaconda  shafts. 

The  ore-bodies  of  the  district  occur  in  fissure  veins,  faulted  in  some  of 
the  mines  in  a  most  interesting  manner.  In  the  Rarus  mine,  where  the 
class  spent  two  days  after  the  regular  work  was  completed,  the  rather  in- 
tricate vein  system  has  been  further  complicated  by  a  wide  faulted  zone, 
which,  besides  being  faulted  laterally,  apparently  has  been  subjected  also 
to  a  "down -throw,*'  which  has  flattened  out  the  dip  of  the  veins  from 
about  80°  to  40°  to  the  horizontal.  The  broken  and  altered  material 
included  in  this  zone,  while  largely  productive,  has  lost  entirely  its  vein 
structure.  Many  of  the  copper  ore-bodies  are  extremely  thick,  reaching 
in  parts  of  the  Anaconda  property,  widths  of  from  100  to  120  feet.  In 
the  Gagnon  mine  the  greatest  width  approximates  60  feet.  These  con- 
ditions make  necessary  the  use  of  the  Nevada  Square  set  system  of  tim- 
bering. Stalls  are  employed  only  in  the  narrow  portions.  Overhand 
sloping,  worked  in  floors,  and  usually  with  machine  drills,  is  practiced  in 
all  the  mines. 

The  copper  ores  of  commonest  occurrence  are  chalcopyrite  and  copper 
glance.  Bornite,  Enargite  and  Tennautite  are  often  found,  though  in 
smaller  quantities,  and  at  the  Grey  Rock  mine  occur  fine  specimens  of 
the  rather  rare  mineral,  Covellite,  a  sulphide  of  copper.  These,  with 
other  associated  minerals  afforded  interesting  material  for  study. 

The  mines  visited  by  the  class  were,  the  Gagnon,  Nettie,  Philadelphia, 
Parrot,  Rarus,  Silver  Bow,  and  the  Anaconda  and  Neversweat  of  the 
Anaconda  Co.  In  addition,  every  facility  was  allowed  for  the  study  of 
the  surface  plants,  including  hoists,  pumps,  compressors,  ore-bins  and 
the  various  repair  shops.  In  the  Silver  Bow  shaft  opportunity  was  given 
to  examine  a  fine  duplex,  differential  Riedler  pump,  having  a  capacity 
of  900  gallons  per  minute,  to  a  height  of  1,000  feet.  The  usual  mine 
surveying  was  done  in  the  Nettie  mine,  under  the  direction  of  Mr.  J. 
Parke  Channing,  whose  services  for  this  purpose  were  most  fortunately 
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obtained.  Each  squad  of  students  had  4  days  active  work  on  the  survey. 
Two  days  were  devoted  to  a  careful  itudy  of  the  concentrator  of  the 
Colorado  Smelting  and  Mining  Co.,  which  has  a  capacity  of  450  tons  per 
day.  The  plant  comprises  crushers,  rolls,  trommels,  hydraulic  classifiers 
and  separators,  jigs  and  vanners.  Visits  were  made  also  to  the  Alice  and 
Moulton  Silver  mills,  the  first  of  which  only  is  in  operation.  The  system 
employed  is  dry-crushing  with  stamps,  chloridizing,  roasting  in  White- 
Howell  roasters,  and  pan-amalgamation.  Finally,  Dr.  Struthers,  of  the 
Metallurgical  Department,  took  charge  of  the  class  for  5  days'  work  in 
the  smelting  works  of  the  district. 

It  should  be  recorded  here  that,  at  the  invitation  of  the  Butte  Scientific 
Society,  Mr.  Channing  delivered  an  interesting  lecture  on  the  occurrence, 
and  methods  of  mining  of  the  copper  and  iron  ores  of  the  Lake  Superior 
region.  Mr.  Channing's  intimate  acquaintance  with  the  Lake  practice, 
well  qualifies  him  to  speak  on  the  subject,  and  as  the  lecture  was  given 
near  the  close  of  the  session,  the  members  of  the  class  who  were  present 
could  profit  by  the  comparisons  drawn  between  the  Lake  and  Butte 
methods.  Another  useful  evening  lecture,  illustrated  by  models,  was 
delivered  before  the  class  by  Mr.  C.  S.  Batterman,  on  ''Mining  Litiga- 
tion and  the  relations  thereto  of  the  Mining  Expert.**  In  the  course  of 
his  remarks  Mr.  Batterman  cited  at  some  length  the  technical  points  in- 
volved in  one  or  two  important  mining  suits  in  which  he  had  been 
engaged. 

The  Summer  School  was  cordially  welcomed  in  Butte,  and  its  work 
aroused  much  interest.  All  the  friends  of  the  School  cannot  be  named 
here,  but  among  those  who  extended  special  courtesy  and  assistance  are: 
Messrs.  C.  W.  Goodale,  manager ;  Geo.  B.  Moulthrop,  engineer,  and 
John  Hewitt,  foreman  of  the  Colorado  S.  and  M.  Co.,  at  whose  Gagnon 
mine  a  large  part  of  the  work  was  done ;  Mr.  C.  S.  Batterman,*  Mining 
Engineer  of  the  Rarus  and  other  mines ;  Mr.  Benj.  Tibby,  Superintendent 
of  the  Parrot,  and  above  all  Mr.  W.  D.  Thornton,  who  has  been  a  stu- 
dent in  our  Mining  Department  for  two  years  past,  and  to  whose  kind 
cooperation  and  efforts  much  of  the  success  of  the  summer's  work  is  due. 

Robert  Peele. 

DEPARTMENT  OF  MECHANICAL  ENGINEERING. 

The  Equipment  and  Purposes  of  the  Mechanical  Laboratories  in  the 
School  of  Engineering  of  Columbia  University  for  the  Course  in  Me- 
chanical Engineering  to  be  begun  in  18^7. 

It  is  a  well  established  fact  that  the  material  advancement  of  a  nation 
is  dependent  largely  upon  the  character  and  number  of  its  technical 
schools.  These  schools  or  colleges  are  those  in  which  the  sciences  and 
arts  relating  to  the  various  deportments  of  industry  are  made  subjects  of 
special  study  in  the  training  of  their  students.  They  are  often  called 
Engineering  Schools  for  the  reason  that  successful  manufacturing  on  any 
large  scale  must  be  based  on  Engineering  knowledge  and  skill,  and  must 
conform  to  the  laws  underlying  them. 

In  the  year  1851,  at  the  time  of  the  first  World's  Fair  in  London,  the 
exhibition  developed  the  fact  that  England  had  fallen  behind  relatively  in 
the  character  of  its  exhibits  and  seemed  to  be  losing  her  position  among 
the  manufacturing  nations  of  the  world.     So  much  interest  was  excited 
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by  this  discovery  that  a  commission  was  appointed  to  investigate  as  to  the 
extent  and  causes  of  this  state  of  affairs.  This  commission  reported  that 
in  their  opinion  the  English  nation  was  actually  in  serious  danger  of  los- 
ing its  position  as  the  leading  manufacturing  nation  of  the  world,  and 
that  the  opinion  was  expressed  that  it  was  due  to  the  inattention  which 
had  been  and  was  being  given  to  technical  education  in  England,  as 
compared  with  the  activity  on  the  continent  in  this  respect.  It  was 
found  that  in  the  leading  continental  countries  of  Europe  large  numbers 
of  technical  schools  had  been  established  and  were  conducted  under 
government  control  and  at  government  expense ;  and  with  the  result,  as 
shown  by  the  exhibits  from  these  countries,  that  in  material  advancement 
Jhey  were  outstripping  England  and  seriously  threatening  her  supremacy 
m  this  respect. 

Acting  on  this  report  England  at  once  set  about  establishing  technical 
schools  and  has  since  proved  their  marked  effect  upon  the  industrial  cop- 
dition  of  the  nation. 

By  a  well  known  policy  of  our  government,  whatever  is  done  in  this 
in  this  direction  in  our  country  must  be  done  individually  by  citizens. 
It  is  a  happy  fact  that  this  dependence  has  not  failed  us  and  that  to-day 
the  technical  and  engineering  schools  of  America  compare  favorably  in 
number  and  standing  with  any  other  country  in  the  world.  Their  effect 
upon  the  development  of  natural  resources  of  our  own  country  has  been 
very  much  more  marked  than  is  generally  known.  On  the  occasion  of  a 
meeting  of  one  of  the  engineering  societies  in  Chicago,  and  a  visit  by  the 
members  to  the  South  Chicago  Steel  Works,  it  was  noticed  that  all  the 
heads  of  the  departments  were  young  men,  and  investigation  developed 
the  fact  that  their  average  age  was  less  than  thirty-two  years,  and  that 
without  exception  they  were  technical  school  graduates. 

The  latter  condition  of  affairs  obtains  in  nearly  all  of  our  large  works. 
So  emphatically  is  this  the  fact  that  a  young  man  without  a  technical 
education  can  scarcely  get  a  foothold,  or  even  if  he  succeeds  in  this,  the 
competition  against  which  he  must  contend  is  so  great  that  none  but  those 
who  possess  the  most  marked  natural  ability  can  hope  to  succeed. 

II. 

The  methods  pursued  by  a  successful  Engineering  College  are  to 
give  a  thorough  drill  in  the  principles  of  the  sciences,  physics,  chemistry, 
mechanics  and  mathematics,  and  to  train  the  hand  and  eye  at  the  same 
time  by  work  in  the  college  shops,  drawing-rooms  and  mechanical  labor- 
atories. In  the  shops  the  student  uses  the  tools  of  pattern  maker  and 
machinist,  and  while  he  can  scarcely  be  said  to  learn  a  trade,  he  yet 
learns  much  about  the  trade  of  such  constructors,  and  more  concerning 
the  properties  of  structural  material.  In  the  drawing-room  he  learns  to 
use  his  hands  to  draw,  and  applies  the  principles  of  design  to  things 
which  are  to  be  made.  In  the  mechanical  laboratories,  he  learns  by  ac- 
tual experience  the  strength  of  materials  by  testing  them  on  proper  test- 
ing machines  for  such  work,  and  he  is  taught  how  to  operate  and  test 
steam  engines  and  other  machinery  of  the  sort  which  he  is  likely  to  meet 
in  his  business.  He  learns  here  the  working  of  the  laws  which  he  has 
studied  from  books  and  their  application  in  concrete  form  to  motors  and 
processes,  and  he  is  encouraged  to  investigate  new  laws  hitherto  but 
dimly  grasped  or  unknown. 
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The  shops  and  mechanical  laboratories  add  enormously  to  the  practi- 
cal va]ue  and  usefulness  of  a  modern  engineering  college  to  its  com- 
munity because  these  give  to  their  students  just  the  training  for  a  useful 
duty  in  life  which  class  room  routine  without  them  has  never  been  able 
to  do.  The  development  of  such  laboratories  and  shops  is  therefore  a 
wise  far-seeing  and  useful  thing  to  do  for  the  community. 

III. 

Columbia  College  in  the  City  of  New  York  established  its  technical  or 
engineering  school  under  the  name  of  the  School  of  Mines  in  1864,  and 
has  graduated  since  then  over  one  thousand  men  who  have  been  markedly 
successful  and  useful  in  their  business  and  profession,  and  from  their 
training  and  knowledge  have  been  able  to  be  of  benefit  to  the  community. 
Colbmbia  College  has  recently  become  a  University,  and  has  begun  to 
occupy  a  most  impressive  location  on  Morningside  Heights  from  11 6th 
to  1 20th  Streets  on  the  Boulevard.  Generosity  of  leading  citizens  has 
given  the  University  nearly  two  millions  of  dollars  for  splendid  buildings 
on  its  new  site.  The  W.  C.  Schermerhorn  gift  of  1350,000,  the  Have- 
meyer  gift  of  {450,000,  and  the  Seth  Low  gift  of  {1,000,000,  have  been 
recently  supplemented  by  the  gift  of  C.  C.  Worthington  of  the  equipment 
for  an  experimental  hydraulic  engineering  laboratory  as  a  memorial  to 
his  father,  the  late  Henry  R.  Worthington,  mechanical  and  hydraulic 
engineer. 

The  space  at  the  University  site  to  be  devoted  to  the  Mechanical  Lab- 
oratories is  a  superb  allotment  of  207  feet  in  length  and  32  feet  in  width, 
with  a  head-room  or  heigth  of  20  feetv  It  makes  an  unsurpassed  labora- 
tory area,  and  gives  a  fitting  and  appropriate  recognition  to  the  import- 
ance of  the  work  of  the  mechinical  engineer  in  a  community  such  as  that 

of  so  great  an  industrial* centre  as  Greater  New  York. 

* 

IV. 

The  detail  of  the  laboratory  equipment  of  a  technical  or  mechanical 
engineering  school  covers  four  divisions : 

I.  The  hydraulic  laboratory  has  already  been  provided  by  Mr.  Worth- 
ington's  gift.  It  is  to  contain  high  and  low  pressure  water  pumps,  hy- 
draulic accumulators  and  motors,  tanks,  water-meters,  gauges  and  similar 
equipment,  and  represents  a  value  between  $15,000  and  {20,000. 

II.  The  second  division  is  the  steam  engineering  and  motors  labora- 
tory, which  is  also  known  as  the  dynamic  engineering  laboratory.  This 
needs  an  equipment  of  steam  engines  of  practicable  size,  to  drill  students 
in  the  handling  and  management  of  such  machinery,  and  to  enable  them  to 
make  useful  and  real  tests  of  it.  An  air-compressor  has  been  already  given 
by  the  IngersoU-Sargeant  Drill  Company,  but  a  Corliss  cross- compound  or 
triple  machine  of  this  sort  will  be  a  most  desirable  addition  and  is  needed, 
together  with  indicators,  dynamometers,  calorimeters,  pressure  gauges 
and  the  like.  Other  motors  should  be  included,  and  representative  modes 
of  transmitting  power. 

III.  The  third  division  is  the  Testing  Laboratory,  for  testing  the 
strength  of  iron  and  steel  and  other  materials.  Such  a  laboratory  has 
two  functions : 

First,  to  give  students  of  Mechanical  Engineering  an  experience  in 
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testing  as  part  of  their  business,  and  to  give  them  an  experimental  and 
practical  knowledge  of  the  strength  and  behavior  under  strain  of  the 
materials  which  they  are  to  use  in  professional  work. 

For  this  purpose  Columbia  needs  to  supplement  its  present  equipment 
by  certain  commercial  testing  machines  of  ordinary  type,  viz : 

« 

One  Olsen  Automatic  and  Autographic  Testing  Machine 

100,000  lbs.  capacity  at 1 1,800 

One  Olsen  New  Testing  Machine,  200,000  capacity  with 

extensions 3,000 

One  Olsen  Torsion  Machine i>5oo 

One  Buckton-Wickstead  Single-Lever  Machine  200,000 

lbs.  capacity  3,000 

One  Thurston  Lubricant  Tester 350 

One  Woodbury  Oil  Tester 6co 

One  Indicator  Tester  with  Mercury  column 250 

Total ^10,500 

Secondly,  a  college  testing  laboratory  should  be  equipped  with  appli- 
ances to  make  tests  on  a  larger  scale  than  is  to  be  expected  of  ordinary 
commercial  laboratories  of  manufacturing  establishments.  It  should  be 
able  to  push  forward  into  new  fields,  and  thus  to  benefit  the  community 
and  increase  the  world's  stock  of  knowledge.  Immense  interests  and 
the  safety  of  multitudes  depend  upon  the  exact  and  reliable  knowledge 
of  engineers  as  to  the  properties  in  large  masses  of  the  materials  which 
they  use.  New  York  has  a  right  to  expect  this  from  the  mechanical  en- 
gineering laboratories  for  testing  at  the  University  which  is  to  be  its 
pride. 

For  this  second  function  Columbia  needs  at  the  outset  three  machines. 

I  Sellers-Emery  horizontal  tension   and  compression 

machine  300,000  lbs.  capacity J  15,000 

z  Henning  tension  and  compression  machine  3,000,000 

lbs.   capacity 40,000 

I  Double  plunger  compression  machine 3iOoo 

|6o,ooo 

The  first  of  these  represents  the  most  advanced  standards  of  accuracy 
and  reliability,  but  its  cost  in  larger  sizes  makes  it  necessary  to  use  a  dif- 
ferent design  where  large  straining  capacity  is  to  be  sought.  The  linear 
capacities  of  the  two  latter  machines  will  be  those  which  are  considered 
to  be  the  most  desirable  by  representative  engineers  in  the  different 
fields  of  structural  engineering,  and  the  machines  will  be  designed  to 
test  long  columns  and  piers,  bridges,  eye-bars  and  beams,  either  to  de- 
struction or  for  proof  tests  before  being  put  to  service. 

It  may  be  found  convenient  to  locate  these  high  power  machines 
nearer  to  railway  and  wharf  facilities  than  the  elevated  site  of  the  Uni- 
versity will  permit.  Much  subsidiary  apparatus  should  be  developed  in 
time  around  the  fundamental  appliances  above  set  forth. 

IV.  The  fourth  division  includes  the  shops.  These  are  really  labora- 
tories, in  which  the  students  by  actual  work  with  the  tools  of  pattern 
maker  and  machinist  shall  learn  to  know  when  work  is  ill  or  well-done 
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by  others,  and  shall  acquire  at  first  hand  those  facts  of  experience  and 
practice,  which  shall  guide  their  judgment  and  common  sense  in  those 
decisions  on  practical  questions  which  involve  a  knowledge  or  skill  of 
this  sort  Such  shop-laboratories  for  classes  of  forty  men  can  be  equip- 
ped with  benches,  lathes,  planes,  drills,  milling  machines  and  the  like 
for  about  f  15,000. 

V. 

If  the  foregoing  propositions  are  sound,  they  should  appeal  with  spec- 
ial force  to  those  who  may  have  had  opportunity  to  observe  their  effect 
ia  their  own  business  affairs.  It  is  from  such  persons  that  cooperation  is 
to  be  sought  rather  than  from  those  whose  field  of  labor  has  been  in  the 
more  abstract  professional  lines  or  in  purely  financial  affairs  or  in  ex- 
change. But  to  one  desirous  of  doing  a  permanent  and  signal  service  to 
his  country,  in  the  line  of  its  industrial  and  practical  progress,  the  oppor- 
tunity is  a  noble  and  a  rare  one. 

The  University  would  doubtless  attach  to  a  laboratory  or  to  alcoves  in 
it  the  names  of  those  to  whose  generosity  their  equipment  was  due,  thus 
making  them  a  monument  or  memorial,  than  which  none  could  be  more 
useful  nor  more  distinguished. 

F.  R.  HUTTON. 
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REPORT  OF  THE  ALUMNI  COUNCIL. 

At  the  meeting  of  the  Alumni  Council  held  October  28,  1896,  the 
Secretary,  Mr.  Wm.  Allen  Smith,  submitted  his  annual  report,  of  which 
the  following  is  an  abstract : 

On  November  20,  1889,  shortly  before  the  inauguration  of  Dr.  Low  as 
President  of  Columbia  College,  the  officers  and  committees  of  the  Alumni 
Associations  of  Columbia  College  and  of  the  School  of  Mines  of  Colum- 
bia Collie  united  in  a  dinner  at  the  Union  League  Club,  at  which 
President  Low  was  the  guest  of  honor.  From  that  time  and  continuing 
through  1893,  the  subject  of  a  closer  union  of  the  Alumni  of  the  two 
schools  was  frequently  mentioned  and  was  discussed  in  the  governing 
boards  of  the  two  Associations.  Various  proposals  and  overtures  were 
made,  but  up  to  the  beginning  of  1894  no  definite  result  had  been 
achieved  beyond  making  Alumni  of  the  School  of  Mines  eligible  to  elec- 
tion as  Associate  Members  of  the  Association  of  the  Alumni  of  Columbia 
College.  In  1892  and  1893  ^^^^  subject  was  informally  discussed  in  con- 
versation by  President  Low,  Professors  J.  H.  Van  Amringe  and  Frederick 
R.  Hutton,  Mr.  John  B.  Pine,  and  Mr.  William  B.  Parsons.  As  the  re- 
sult of  these  discussions  and  conversation,  committees  of  conference  on 
social  reunions  and  federation  were  appointed  early  in  1894  by  both  As- 
sociations, and  a  like  committee  was  appointed  by  the  Association  of  the 
Alumni  of  the  College  of  Physicians  and  Surgeons.  The  first  meet- 
ing of  the  Committees  of  Conference,  consisting  of  three  members 
from  each  of  the  three  Alumni   Associations  of  Columbia  College, 
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of  the  College  of  Physicians"  and  Surgeons,  and  of  the  School  of 
Mines  of  Columbia  College,  was  held  October  22,  1894,  at  the  residence 
of  Mr.  Pine,  at  which  the  formation  of  a  University  Alumni  Association  or 
Council  was  discussed  ;  it  was  resolved  to  call  a  joint  meeting  of  the  three 
Alumni  Associations  on  the  evening  of  November  i6th,  and  a  committee 
was  appointed,  consisting  of  one  member  from  each  Association, 
namely  M,r.  John  B.  Pine,  Dr.  Francis  P.  Kinnicutt,  and  Mr.  William 
Allen  Smith,  to  prepare  a  plan  for  a  University  Alumni  Association 
or  Council.  On  November  16,  1894,  a  joint  meeting  of  Columbia 
Alumni,  resident  in  New  York  and  vicinity,  was  held  in  the  Fine  Arts 
Building,  215  West  Fifty-seventh  Street,  at  half  past  eight  o'clock,  p.  m.,at 
which  450  were  present.  The  expenses  of  notices,  supper,  etc.  (^6 1 1 .40), 
were  paid  by  the  three  Associations  in  the  proportion  of  acceptance  (590). 
The  expense  of  the  hall  was  provided  for  by  the  Trustees  of  the  College. 
Addresses  were  made  by  President  Low  and  by  Professor  Van  Amringe, 
Dr.  W.  H.  Draper  and  Professor  Chandler.  Subsequently  the  several 
committees  recommended  a  plan  for  the  formation  of  a  University  Alumni 
Council,  and  on  June  10,  1895,  an  agreement  was  entered  into  between 
the  Association  of  the  x\lumni  of  Columbia  College,  the  Association  of 
the  Alumni  of  the  College  of  Physicians  and  Surgeons,  and  the  Alumni 
Association  of  the  School  of  Mines  of  Columbia  College,  by  which  agree- 
ment "The  University  Alumni  Council  of  Columbia  College"  was 
formed.  On  October  30th  following,  the  first  meeting  of  the  Council 
was  held  at  the  Hotel  Savoy,  and  committees  were  appointed  to  draft  by- 
laws and  to  make  arrangements  for  a  joint  alumni  dinner.  On  November 
12,  the  Council  met  at  the  residence  of  Professor  J.  H.  Van  Amringe, 
adopted  by-laws,  and  elected  the  following  officers:  Professor  J.  H. 
Van  Amringe,  Chairman,  and  Mr.  William  Allen  Smith,  Secretary  and 
Treasurer.  On  December  16,  1895,  a  joint  alumni  dinner  was  held  at 
Sherry's,  at  which  all  the  Schools  were  largely  represented,  the  number 
present  being  something  over  two  hundred.  On  February  24,  1896,  the 
Council  met  at  the  residence  of  Mr.  De  Witt.  The  Standing  Committee 
on  Alumni  Organization  presented  a  form  of  circular  letter  to  graduates 
in  other  states;  a  report  was  presented  by  the  committee  having  charge 
of  the  joint  alumni  dinner  held  December  t6,  1895;  a  resolution  was 
adopted  recommending  a  change  of  the  name  of  the  Council  to  conform 
to  the  action  of  the  Trustees  in  adopting  the  title  of  University,  and 
resolutions  were  adopted  accepting  the  invitation  of  the  Committee  on 
Buildings  and  Grounds  to  the  members  of  the  Council  to  act  as  Marshals 
upon  the  dedication  of  the  new  site,  and  undertaking  to  arrange  for  a 
luncheon  on  Dedication  Day.  Subsequently  about  six  thousand  copies 
of  a  circular  letter  of  notice  of  the  dedication  were  issued,  in  the  name  of 
the  Alumni  Council  of  Columbia  University,  to  the  Alumni  of  Columbia 
College,  of  the  College  of  Physicians  and  Surgeons,  and  of  the  Schools  of 
Law  and  Mines,  resident  in  New  York  and  within  about  thirty  miles  of 
New  York.  On  May  2d  the  members  of  the  Council  acted  as  Marshals, 
one  of  the  members  as  Grand  Marshal  at  the  dedication  of  the  new  site 
of  the  University,  and  a  committee  of  the  Council  took  charge  of  the 
luncheon. 

Tl^e  report  concludes  :  "  From  the  foregoing  it  will  appear  that  the 
Council  has  already  established  itself  as  a  prominent  and  influential  fac- 
tor in  the  life  of  the  University,  and  gives  promise  of  wider  usefulness  in 


ALUMNI  AND  UNIVERSITY  NEWS.  83 

the  future.  What  has  been  done  is  perhaps  only  a  suggestion  of  what  may 
be  done  in  carrying  out  the  objects  for  which  the  Council  was  established: 
to  extend  the  knowledge  of  the  University  and  its  work ;  to  establish 
closer  relations  between  the  Alumni  and  the  University,  and  to  further 
such  measures  as,  in  its  judgment,  will  tend  to  promote  the  interests  of 
the  University  and  its  several  parts." 

At  the  same  meeting  the  Sub-Committee  on  organization  reported  that 
it  had  prepared  a  circular  letter  addressed  to  Alumni  generally  through- 
out the  country,  suggesting  the  establishment  of  local  associations,  and 
that  several  hundred  copies  of  the  circular,  together  with  personal  notes 
from  the  members  of  the  Committee,  had  been  mailed.  In  most  cases 
the  circular  was  accompanied  by  a  copy  of  the  Locality  Index.  The 
committee  reported  that  replies  looking  to  the  formation  of  local  Alumni 
Associations  had  been  received  from  graduates  in  the  States  of  Connecti- 
cut, Colorado,  California,  Montana,  Wisconsin,  Minnesota,  Michigan, 
Missouri  and  Nebraska,  and  in  Western  New  York ;  that  Associations 
had  been  formed  in  the  States  of  Connecticut  and  Colorado,  and  that 
sufficient  interest  had  been  evinced  to  justify  the  belief  that  continued 
efforts  would  result  in  the  formation  of  a  number  of  State  Associations. 
The  Committee  requests  that  any  Alumnus  who  may  be  inclined  to  assist 
in  promoting  the  formation  of  a  local  Association  will  communicate  with 
it. 

UNIVERSITY  BUILDING. 

The  ** University  Building*'  to  be  erected  on  the  new  site  of  the 
University  at  Morningside  Heights,  is  to  constitute  one  of  the  central  and 
most  important  features  of  the  group  of  buildings,  and  will  stand  about 
two  hundred  feet  north  of  and  fronting  the  Library. 

The  large  portico,  which  offers  the  main  approach  of  this  building, 
faces  to  the  south,  and  is  upon  the  higher  level  of  the  site.  The  grounds 
are  divided  by  a  transverse  retaining  wall  into  two  levels,  the  higher  level 
being  150  feet  above  tidewater;  and  the  lower  averaging  120  or  135 
feet  above  tide  water.  The  rear,  or  northerly  portion  of  the  building,  is 
to  be  erected  upon  the  lower  level,  and  has  a  greater  apparent  height.  In 
locating  the  University  Building,  Schermerhorn  Hall  and  Havemeyer 
Hall,  which  will  adjoin  it  on  the  east  and  west,  facing  south,  and  having 
the  same  front  line  as  the  University  Building,  advantage  has  been  taken 
of  the  difference  in  levels  to  secure  the  greatest  amount  of  light  and  of 
cubic  space  without  producing  an  effect  of  exaggerated  height.  The 
lower  portion  of  these  buildings,  visible  only  on  the  north,  will  be  con- 
structed of  roughly  cut  New  York  stone  of  a  dark  gray  color.  Above 
the  basement,  the  University  Building  will  be  constructed  of  materials 
similar  to  those  used  in  Schermerhorn  Hall  and  the  other  buildings  de- 
signed for  educational  purposes,  viz :  Harvard  brick  of  a  dull  red  color, 
and  buff  Indiana  limestone,  the  latter  being  used  for  the  portico,  and  for 
all  decorative  features. 

The  University  Building  has  a  frontage  of  176  feet  and  a  length  of 
260  feet.  It  is  planned  to  serve  four  distinct  purposes,  viz :  those  of  a 
University  Theatre;  of  a  Gymnasium;  of  a  "Commons"  or  Dining 
Hall,  and  University  Offices ;  and  of  a  Power  House.  The  power  plant 
will  occupy  the  basement  between  the  retaining  wall  and  the  driveway 
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which  intersects  the  building,  where  it  will  be  almost  completely  con- 
cealed from  sight.  The  remaining  portion  of  the  basement,  compris- 
ing the  great  apsidal  s^ce  at  the  northern  end  of  the  building*  is  to  be 
devoted  to  the  gymnasium,  which  will  be  170  feet  by  130  feet,  the  ceil- 
ing being  thirty-five  feet  in  height.  A  running  track  twelve  feet  broad, 
with  nine  laps  to  the  mile,  will  be  suspended  above  the  exercise  floor. 
The  floor  of  the  gymnasium  will  be  about  on  a  level  with  the  surrounding 
land,  and  large  and  numerous  windows  will  afford  ample  light  and  venti- 
lation. Beneath  the  gymnasium  it  is  planned  to  construct  a  swimming 
pool,  semi-circular  in  shape,  100  feet  by  50  feet,  with  a  depth  of  ten  feet, 
which  will  also  serve  as  a  rowing  tank.  Immediately  above  the  gymna- 
sium is  to  be  the  University  Theatre,  which  will  have  a  seating  capacity 
of  2,500.  The  theatre  will  be  accessible  either  through  the  corridors 
leading  from  the  portico  on  the  south  front  of  the  building,  or  it  can  be 
reached  by  means  of  the  transverse  driveway  which  crosses  the  grounds 
near  1 19th  street  and  has  entrances  on  both  avenues.  At  the  side  of  this 
driveway  and  underneath  the  building  will  be  a  spacious  vestibule,  from 
which  two  broad  stairways  will  lead  up  to  the  theatre.  The  portion  of 
the  building  which  fronts  immediately  upon  the  library,  will  be  occupied 
principally  by  the  "commons,"  or  dining  hall,  118  feet  in  length  by 
sixty-four  feet  in  width  and  seventy-six  feet  in  height,  having  a  seating 
capacity  of  about  6oo«  The  remainder  of  this  part  of  the  building  will 
be  devoted  to  private  dining  rooms  and  kitchens,  and  to  rooms  to  be  used 
as  places  of  meeting  for  the  members  of  the  various  faculties  and  for  the 
students.  It  is  intended  to  make  this  building  the  centre  of  the  social 
life  of  the  University.  For  commencements  and  other  public  occasions 
the  theatre,  the  hall  and  other  connecting  rooms  in  the  southerly  portion 
of  the  building  may  be  used  together,  and  will  provide  ample  and  beauti- 
ful accommodations.  It  is  proposed  that  the  interior  of  the  "  commons  " 
shall  be  finished  somewhat  in  the  manner  of  the  large  halls  in  the  English 
Universities.  The  size  and  proportions  of  the  hall  will  render  it  a  digni- 
fied and  prominent  feature  of  the  University,  and  the  Alumni  propose  to 
give  it  an  historic  and  personal  interest  by  making  it  an  Alumni  Me- 
morial Hall  in  which  shall  be  preserved  the  portraits,  busts  and  other 
memorials  of  distinguished  graduates. 
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PRELIMINARY  HOISTING  PLANT  FOR  MINES. 

By  ROBERT  PEELE. 

It  is  intended  here  to  give  some  account  of  the  hoisting  appli- 
ances appropriate  to  the  temporary  work  generally  preceding  se- 
rious mining  operations,  and  which  are  employed  sometimes  also 
in  connection  with  the  development  of  established  mines. 

The  sinking  of  a  prospecting  shaft  may  be  followed  by  actual 
exploitation  on  a  small  scale,  and  it  may  be  necessary  to  sink  sev- 
eral hundred  feet  without  the  use  of  a  steam-power  hoist.  No 
sharp  line  can  be  drawn  between  the  work  of  the  prospector  and 
the  beginning  of  the  development  of  the  mine  which  results  from 
his  discoveries.  In  every  new  camp  mining  may  be  seen  in  all  of 
its  stages ;  the  use  of  the  hand  windlass  for  beginning  a  shaft ;  then, 
as  greater  depth  is  reached,  perhaps  the  introduction  of  a  horse 
whim,  or  a  light,  portable  engine  and  boiler,  and,  finally, the  erection 
of  the  permanent  hoisting  plant. 

The  Hand  Windlass. 

The  simplest  apparatus  for  hoisting,  and  in  its  first  cost  the 
dieapest,  is  the  ordinary  wooden  windlass  and  bucket.  It  is  used 
not  only  for  prospecting  shafts,  but  often  even  in  large  mines  for 
sinking  winzes  from  one  level  to  another,  in  places  where  power 
hoists  cannot  be  introduced.    The  winding  drum,  or  barrel,  gen- 
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erally  from  6  to  lO  inches  diameter,  is  supported  by  a  framework 
and  platform  set  over  the  mouth  of  the  shaft  or  winze  (Figs,  i 
and  2). 


:      V^#i.n</, 


Figs,  x  and  2. 


Two  uprights,  say  4  inches  by  6  inches  in  section,  are  mortised 
into  sills  running  across  the  mouth  of  the  shaft,  braced  as  shown 
on  the  sketch,  and  notched  at  the  top  to  receive  the  axle  of  the 
barrel.  Occasionally  the  uprights  are  made  merely  of  two  pieces 
of  2-inch  plank,  spiked  to  the  sills.  For  the  passage  of  the  bucket 
there  is  a  rectangular  opening  in  the  platform ,  which  may  or  may 
not  be  closed  by  a  door  when  the  bucket  is  being  dumped.  It  is 
always  advisable  to  cover  the  mouth  of  the  shaft  by  a  platform, 
because  the  edges  of  the  opening  are  likely  to  be  loose  or  fissured, 
so  that  pieces  of  rock  might  be  broken  away  and  injure  the  men 
below,  or  in  dumping  the  bucket  some  of  the  material  might  fall 
back  into  the  shaft. 

When  the  barrel  is  of  small  diameter  it  is  hewed  or  turned  out 
of  a  solid  stick  of  timber,  well  smoothed  to  prevent  undue  wear  upon 
the  rope ;  or  it  may  be  made  of  a  straight  section  of  tree  trunk,  with 
the  bark  removed.  For  a  solid  barrel  the  axle  is  usually  formed  by 
boring  a  hole  in  the  center  of  each  end,  8  inches  to  12  inches  deep, 
and  driving  in  a  steel  pin,  ^  inch  to  i  inch  in  diameter.  The  pins  are 
slightly  larger  than  the  hole,  and  the  part  entering  the  wood  is  of 
square  section,  or  provided  with  "  feathers,"  to  prevent  them  from 
turning  loose  and  working  out.    An  iron  collar  should  be  shrunk 
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or  driven  upon  each  end  of  the  barrel  to  avoid  splitting.  The 
handles,  or  cranes,  of  which  there  are  usually  two,  are  continua- 
tions of  the  axle  pins,  and  are  set  at  180^  from  each  other.  They 
are  operated  by  from  i  to  4'  men,  according  to  the  depth  of  shaft 
and  weight  of  load.  The  crank  radius  is  usually  16  inches  ;  length 
of  handle,  15  inches  to  20  inches ;  height  of  center  of  barrel  above 
the  platform,  42  inches. 

Sometimes  the  barrel  is  made  of  larger  diameter,  up  to  16  or 
18  inches,  and  for  convenience  and  lightness  is  then  generally  built 
up  like  a  hollow  drum.  Two  or  three  thick  wooden  discs,  forming 
centers, are  mounted  upon  a  4  or  6  inch  square  wooden  axle,  which 
is  turned  down  at  the  ends  to  form  bearings,  or  provided  with 
pins,  as  described  above,  which  pass  through  iron  plates  screwed 
to  the  ends  of  the  axle.  The  surface  of  the  barrel  in  this  case  is 
of  longitudinal  lagging  strips,  of  say  2  by  3  inch  stuff.  Occasionally 
windlasses  are  provided  with  gearing.  In  such  case  ordinary 
bearings  are  required  for  the  barrel  and  separate  crank  shaft. 
These  ready-made  patterns  are  furnished  by  several  of  the  mining 
machinery  builders. 

The  rope  is  put  on  the  windlass  by  giving  it  several  turns 
around  the  barrel  to  furnish  the  necessary  grip,  and  fastening  the 
loose  end  by  a  staple.  Hemp  rope  i  to  i  ^  inches  diameter  is  used ; 
sometimes  a  ^  inch  soft  wire  rope.  The  buckets  are  generally  of 
wood,  bound  with  iron,  though  light  iron  buckets  are  occasionally 
-employed.  They  hold,  say,  from  250  to  400  lbs.  There  may  be 
one  or  two  buckets.  With  two  a  greater  net  load  can  be  hoisted, 
because  the  weight  of  the  bucket  is  eliminated,  as  well  as  that  of 
part  of  the  rope,  when  the  empty  bucket  is  descending.  The 
length  of  rope  required  for  two  buckets  is  manifestly  but  a  few 
feet  more  than  for  one.  Generally  speaking,  a  windlass  should  be 
manned  by  two  men.  Under  no  circumstances  should  a  single 
man  be  allowed  to  raise  or  lower  another  man. 

In  point  of  efficiency  and  economy  nothing  can  be  urged  in 
favor  of  hoisting  by  manual  labor,  except  its  expediency  under 
temporary  conditions  and  the  cheapness  and  facility  with  which 
it  may  be  applied.  Much  work  is  done  in  a  small  way  in  every 
mining  district  by  men  whose  capital  is  their  muscle  and  ingenuity, 
and  who  are  able  to  *'  knock  together '!  a  windlass  and  make 
wages.  Prospectors,  also,  must  resort  to  the  windlass  if  their  in- 
vestigations are  to  extend  more  than  a  few  feet  below  the  surface. 
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An  average  man  will  do  2,2C»  foot  pounds  of  work  per  minute, 
and  in  turning  a  windlass  crank  the  effort  exerted  by  his  arms 
should  not  average  more  than,  say,  15  pounds.    This  gives  a  proper 

velocity  for  the  crank  of  -■■  ■■-  ^  147  feet  per  minute ;  or,  with  a 

16  inch  crank  radius,  the  speed  would  be  about  t/^  revolutions  per 
minute.  With  a  single  unbalanced  bucket  the  useful  work  of  a  man 
is  reduced  to  about  1400  foot  pounds  per  minute.* 

The  limit  of  depth  to  which  hand  power  may  be  reasonably  em- 
ployed is  from  70  to  100  feet,  depending  largely  upon  the  quantity 
of  water  which  must  be  raised  in  addition  to  the  excavated  ma- 
terial. The  weight  of  the  rope  also  enters  into  the  calculation. 
By  using  the  above  data  it  is  found  that,  in  a  shift  of  8  hours, 
with  a  single  unbalanced  bucket,  two  men  cannot  raise  more  than 
6  tons  from  a  depth  of  100  feet,  and  in  regular  work  a  duty  of  not 
more  than  4  to  S  tons  should  be  expected.  With  balanced  buckets, 
on  the  other  hand,  and  by  employing  4  men,  the  amount  hoisted 
is  much  greater:  2,200  ft.  lbs.  X  4 X  8 X 60  =  4,224,000  ft.  lbs. 
4,224,000 


100X2,240  lbs.' 


:  18.85  long  tons,  maximum  duty. 


The  Horse  Whim. 

When  a  shaft  has  become  too  deep  for  a  windlass  a  horse  whim 

may  he  substituted.     This  useful  machine  is  very  extensively  em- 


*  ThcK  dftia  tre  rrom  actual  work.     S«e  CoIUecy  Eogincer,  June,  1895,  p.  357. 
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ployed  ia  the  mining  regions  of  the  United  States  for  depths  not 
greater  than,  say,  250  to  350  feet.  In  Mexico  and  South  America, 
however,  it  is  often  used  for  shafts  of  much  greater  depth.  The 
whim  is  light,  inexpensive  and  is  easily  and  quickly  erected.  Sev- 
eral types  of  the  apparatus  are  shown  by  Figs.  3,  4  and  5. 

In  one  of  the  simplest  forms  (Fig.  3)  the  drum  ia  set  upon  a 
vertical  shaft,  and  has  a  long  arm,  or  "  sweep,"  to  which  the  horse 


Fio.  4. 

is  attached.  More  power  is  gained  by  introducing  gearing  (Fig. 
4),  and  this  is  often  done,  though  the  weight  of  the  machine  and 
its  cost  are  correspondingly  increased.  Fig.  5  shows  a  service- 
able form  of  mining  whim  frequently  employed  in  the  West.     It 
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is  set  upon  a  light  timber  foundation,  the  frame  and  drum  being 
of  iron. 

The  drum  should  be  placed  far  enough  from  the  shaft  to  allow 
ample  room  for  handling  hoisted  material,  etc.,  between  the  circular 
path  traversed  by  the  horse  and  the  shaft  mouth.  With  a  vertical 
drum  the  rope  must  be  led  off  horizontally,  the  horse  stepping 
over  it  at  each  turn.  At  a  little  gi'eater  cost  the  drum  can  be  set 
lower,  so  that  the  rope  runs  in  a  shallow,  covered  trench,  thus 
leaving  the  surface  unobstructed.  Close  to  the  shaft  collar  is  a 
small  sheave,  under  which  the  rope  passes  to  the  hoisting  sheave, 
mounted  on  the  frame  over  the  shaft.  When  the  drum  is  mounted 
horizontally  the  rope  may  be  led  directly  to  t6e  hoisting  sheave 
with  sufficient  head  room  for  the  horse  to  pass  underneath.  This 
plan  requires  a  stronger  frame  ("  gallows-ffime  ")  braced  to  with- 
stand the  diagonal  pull  of  the  rope.  It  is  found  in  practice  that  the 
minimum  diameter  of  the  circle  traversed  by  the  horse  should  not 
be  less  that  20  feet ;  better  25  feet,  or  more.  If  it  be  too  small 
the  animal  is  worried  by  the  work,  and  is  apt  to  injure  his  legs  by 
interfering.  It  is  well  to  make  the  whim  sweep  from  12  to  16  feet 
long. 

The  work  done  by  an  average  horse  per  minute  is  taken  as 
19,600  foot  lbs.;  speed  of  travel  while  hoisting,  3^  to  4  miles  per 
hour,  and  the  average  tractive  force  about  5  5  lbs.  The  power 
developed  and  the  hoisting  speed  will  then  depend  upon  the  rela- 
tive diameters  of  drum  and  the  circular  path  traversed  by  the 
horse. 

Duty  of  One-Horse  Whim,  With  a  well  constructed  whim  the 
duty  of  a  single  horse  may  be  taken  as  a  gross  load  of  600  lbs. 
raised  at  a  speed  of  35  feet  per  minute.  This  includes  the  weight 
of  bucket  and  rope.  With  an  unbalanced  bucket  the  useful  work 
of  a  horse  is  reduced  from  19,600  to  say  14,000  ft.  lbs.  per  minute. 
Under  these  circumstances,  at  a  depth  of  250  feet,  a  maximum  of 
15  tons  can  be  hoisted  by  one  horse  in  10  hours.  Light  steel 
buckets  for  whim  work  weigh  200  to  300  lbs.,  and  the  rope  would 
generally  be  of  steel,  Y^  or  ^  diameter,  weighing  respectively 
0.3s  and  0.60  lb.  per  foot.  One-horse  whims  have  been  used  to 
as  great  a  depth  as  450  ft.,  but  such  practice  is  very  unusual,  be- 
cause the  speed  must  be  slow  and  the  net  load  reduced  on  account 
of  the  weight  of  the  rope. 

Two'/iorse  Whim.    With  two  horses  a  gross  load  of  800  lbs.  can 
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be  raised  50  feet  per  minute  in  regular  work.  It  is  generally 
belter  to  increase  the  speed  than  the  load,  by  using  a  larger  drum, 
because  small  buckets  can  be  more  conveniently  handled  at  the 
surface.  The  horses  are  usually  kept  at  a  walk.  With  gearing  the 
aagular  velocity  of  the  drum  is  about  one-third  that  of  the  sweep, 
that  is,  if  the  bevelled  pinion  on  the  vertical  shaft  have  20  teeth 
the  spur  wheel  on  the  drum  shaft  would  have  60  teeth. 

For  one-  and  two-horse  whims  only  one  man  is  actually  required 
at  the  surface ;  for  larger  machines  two  men  are  employed,  one  as 
driver,  the  other  to  handle  the  bucket  and  brake.  Whim  horses 
may  be  controlled  by  the  voice,  being  taught  to  start  and  stop 
without  a  driver.  In  the  United  States  whims  are  commonly  pro- 
vided with  strap  brakes,  so  that  the  empty  bucket  maybe  lowered 
while  the  horse  is  standing  at  rest.  They  are  made  generally  for 
a  single  bucket,  as  a  pair  of  buckets  are  liable  to  strike  each  other 
in  passing  in  the  shaft,  but,  of  course,  there  are  the  same  advan- 
t^es  in  using  balanced  buckets  as  obtain  with  the  windlass. 

The  Malacate.*  What  has  been  said  thus  far  regarding  whims 
applies  particularly  to  practice  in  the  United  States,  or  any  district 
moderately  easy  of  access.  In  some  of  the  Mexican  and  South 
American  mining  regions,  however,  distant  from  the  coast  and 
from  railroads,  and  where  the  introduction  of  steam  power  would 
be  difficult,  whims  of  very  large  size  are  used,  capable  of  hoisting 
from  great  depths,  and  employed  in  the  regular  exploitation  of 
mines.  In  these  countries  the  machine  is  known  as  the  malacate. 
This  form  of  whim  has  been  used  to  some  extent  also  in  the 
-  western  and  southwestern  parts  of  the  United  States.     As  shown 


*Spuiiih.    Frononneed  inah  lah-cah'-tijr. 
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by  Fig.  6  it  consists  of  a  large  drum  mounted  8  or  lO  feet 
above  the  ground  upon  a  heavy  vertical  shaft  or  spindle.  To  the 
drum  and  shaft  are  attached  a  pair  of  sweeps.  The  drum  has  a 
light  but  strongly  braced  skeleton  frame  of  steel  or  wrought  iron, 
though  the  smaller  sizes  are  often  made  wholly  of  wood.  A  stick  of 
timber,  6  by  6  or  8  by  8  inches,  with  pins  let  into  each  end,  forms 
the  drum  shaft.  The  lower  bearing  is  a  cast-iron  socket  (or  even 
a  hard  stone  in  which  a  hole  is  drilled),  while  the  upper  bearing  is 
carried  by  a  framework  spanning  the  circular  track.  The  drum 
is  generally  from  8  to  I2  feet  in  diameter,  with  .a  face  2)^  to  4  feet 
wide,  lagged  with  strips  of  wood,  or  covered  with  light  plate  iron. 
Hanging  from  the  extremities  of  the  sweeps,  which  are  frequently 
25  feet  long,  are  vertical  yokes  for  one  or  two  mules.*  The  ani- 
mals are  trained  to  keep  at  a  steady  trot.  They  reverse  the  motion 
of  the  drum  by  turning  rapidly  in  their  own  length — the  yokes 
being  swivelled  to  the  sweeps — and  trot  in  the  opposite  direction. 
From  the  drum  the  rope  passes  off  horizontally  to  the  sheave  over 
the  mouth  of  the  shaft.  When  there  are  two  buckets,  as  is  usually 
the  case,  the  rope  has  several  turns  around  the  drum  to  prevent 
slipping.     Brakes  are  rarely  used. 

Malacates  are  frequently  erected  underground.  A  tunnel  is 
driven  to  the  vein  and  the  ore  lying  above  having  been  worked 
out,  the  malacate  is  used  for  sinking  below  the  tunnel  level.  To 
accommodate  it  a  large  chamber  is  excavated  in  the  rock,  close  to 
the  mouth  of  the  shaft  or  winze.  In  the  high  altitudes  of  the 
Andes  Mountains  this  work  is  severe,  and  the  mules  do  not  often 
work  more  than  six  hours  per  day,  generally  in  shifts  of  three- 
hours  each.  An  example  may  be  mentioned  of  a  malacate  in  a 
Bolivian  mine  (the  Amigos,  at  Colquechaca),  situated  at  an  alti- 
tude of  15,000  feet,  which  was  used  to  a  depth  of  750  feet,  the 
shaft  being  sunk  at  the  end  of  a  tunnel  nearly  1,600  feet  long. 
Two  malacates  were  in  operation,  each  with  four  mules  at  a  time, 
and  millions  of  dollars'  worth  of  silver  vere  taken  out  in  this  primi- 
tive way.  In  Mexico  malacates  of  great  size  have  been  employed, 
operated  by  from  eight  to  twelve  mules.  In  remote  districts  both 
ore  and  water  are  sometimes  hoisted  by  raw-hide  sacks  instead  of 
buckets.  They  hold  from  800  to  1,000  lbs.,  and  are  made  by 
trimming  a  hide  to  an  approximately  circular  shape  ;  around  the 

*ln  Spanish   American  countries   mules  are  almost  invariably   used   instead  of 
horses,  as  they  stand  the  work  better,  especially  in  high  altitudes. 
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•edge  holes  are  cut  at  intervals,  through  which  a  rope  or  strip  of 
raw-hide  is  threaded  so  as  to  gather  up  the  skin  in  sack  form.  As 
the  sack  (Spanish,  capacho)  swings  loosely  in  the  shaft,  frequently 
striking  against  the  sides,  it  does  not  last  long,  but  possesses  the 
advantages  of  being  light,  unbreakable  and  cheap. 

The  whim,  in  any  of  its  forms,  is  a  useful  appliance  for  prelim- 
inary mining  operations.  It  is  durable  and  portable  and,  while 
the  ready-made  patterns  are  commonly  used  in  this  country,  but 
little  skill  is  required  to  extemporize  a  whim  that  will  serve  for 
sinking  to  a  considerable  depth. 


PRINCIPLES  OF  ELECTRICAL  DISTRIBUTION.— I. 

Bv  FRANCIS  B.  CROCKER. 

The  distribution  of  electrtca^  energy  from  the  generating  plant 
to  lamps,  motors  or  other  devices  involves  problems  of  great 
scientific  and  technical  interest.  It  is  also  a  fact  that  in  almost 
every  electrical  installation  the  cost  of  the  distributing  conductors 
is  a  larger  item  than  that  of  the  generating  machinery.  This  is 
always  true  of  long-distance  transmission,  and  even  in  an  isolated 
electric  lighting  plant  the  wiring  is  usually  more  expensive  than 
the  engines  and  dynamos  combined. 

Substantially  the  same  principles  apply  to  all  branches  of  elec- 
trical transmission  and  distribution,  including  electric  lighting  and 
power,  telegraphy,  telephony,  etc.  But  the  subject  has  been  de- 
veloped more  thoroughly  in  the  case  of  electric  lighting,  which  re- 
quires a  more  nearly  perfect  regulation  of  pressure  and  current 
than  the  other  applications ;  hence  it  will  be  studied  chiefly  from 
that  point  of  view  in  the  present  case. 

Measuring  Electrical  Conductors.  Either  the  metric  system  or  the 
ordinary  English  system  of  units  can  be  employed  to  measure  the 
length  and  size  of  wires  or  conductors.  The  former  system,  in 
spite  of  its  many  advantages,  is  rarely  used  for  this  purpose  in 
America  or  in  England,  and  tables  or  rules  employing  it  would  be 
practically  worthless,  since  they  must  ultimately  be  used  by  com- 
mon workmen.  It  should  be  made  compulsory  before  it  can  be 
adopted  generally.     In  English  measure  we  can  select  either  the 
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mile,  yard  or  foot  as  the  unit  of  length.  The  first  is  too  large,  as 
it  necessitates  inconvenient  decimal  fractions;  the  yard  is  often 
employed  in  England  to  measure  electrical  conductors,  but  it  is 
rarely  used  for  that  purpose  in  America,  the  foot  being  almost 
universally  adopted  as  the  unit.  The  size  of  a  wire  may  be  either 
stated  in  terms  of  the  numbers  of  an  arbitrary  gauge,  or  the  actual 
diameter  in  fractions  of  an  inch  may  be  given.  Unfortunately  the 
practice  of  using  wire  gauges  has  existed  from  time  immemorial,, 
and  results  in  much  confusion  because  of  the  great  number  of  differ* 
ent  gauges.*  This  has  been  overcome  to  a  certain  extent  in  this 
country  by  the  general  adoption  of  the  Browne  &  Sharp,  or  Ameri- 
can wiregauge,  but  this  is  quite  different  from  the  new  Standard 
British  wire-gauge,  which  is  used  in  England.  The  American 
wire-gauge  will  be  employed  in  the  present  instance,  since  in  this 
country  wires  are  made  and  referred  to  by  that  gauge  very  gener- 
ally, but  in  many  cases  it  is  much  better  to  specify  the  actual 
diameter  of  the  wire.  For  this  purpose  the  word  mil  has  been  in- 
troduced, being  a  short  name  for  one  thousandth  of  an  inch.  That 
is  to  say,  a  wire  lOO  mils  in  diameter  is  one  hundred  one  thous- 
andths or  one  tenth  of  an  inch  in  diameter.  The  cross-section  of 
a  wire  one  mil  in  diameter  is  called  one  circular  mil,  being  the  area 
of  a  circle  one  thousandth  of  an  inch  in  diameter.  Since  the  cross- 
section  of  any  other  round  wire  will  be  proportional  to  the  square 
of  its  diaiheter,  it  follows  that  the  cross-section  in  circular  mils  can  be 
found  by  multiplying  the  diameter  in  mils  by  itself.  We  thus  avoid 
the  difficulty  of  converting  the  cross-section  into  square  measure,, 
which  requires  the  square  of  the  diameter  to  be  multiplied  by  tz  and 
divided  by  four.  This  is  an  awkward  and  unnecessary  calculation 
in  the  case  of  round  wires,  it  being  much  simpler  and  equally  defi- 
nite  to  measure  them  in  terms  of  a  circular  unit.  The  cross-sec- 
tion of  the  rectangular  conductors  is  defined  simply  in  terms  of 
their  breadth  and  thickness  in  inches  or  mils. 

For  measuring  wires  or  conductors,  a  wire  gauge  or  a  microm- 
eter may  be  employed.  The  former  consists  of  a  plate  having 
slots  in  its  edge  corresponding  in  size  to  the  gauge  numbers.  The 
latter  is  usually  a  screw-micrometer  which  measures  the  diameter 
or  thickness  in  mils,  that  is,  thousandths  of  an  inch. 

Materials  for  Electtical  Conductors.  Copper  is  the  material  em- 
ployed almost  universally  for  electrical  conductors,  on  account  of 

♦Wheeler's  Chart  oTwire  Gauges,  the  W.  J.  Johnston  Co.,  N.  y! 
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its  high  conductivity.  The  slight  superiority  of  silver  in  this  re- 
spect is  more  than  offset  by  its  higher  density. 

There  are,  however,  several  metals  which  are  lighter  than  cop- 
per for  the  same  resistance.  For  example,  aluminum  has  a  con- 
ductivity of  0.542  if  copper  is  taken  as  unity,  and  its^density  is  2.7. 

2.7      1.000 
Hence,  an  aluminum  wire  weighs  ovi\y~-y^~^—^o.lo6,oxdhoMt 

0.09     0.00 

one  half  as  much  as  a  copper  wire  having  the  same  length  and  re- 
sistance.* 

Although  there  are  several  metals  that  could  be  used  as  electri- 
cal conductors  which  are  considerably  lighter  than  copper,  it  is 
doubtful  if  it  would  be  desirable  to  use  them,  except  in  special  cases 
where  minimum  weight  is  of  particular  importance,  because  their 
bulk  would  be  so  much  greater.  For  example,  an  aluminum  wire 
must  have  about  twice  the  cross- section  of  an  equivalent  copper 
wire  and  would,  therefore,  require  much  more  insulating  material 
to  cover  it  and  would  be  more  clumsy,  for  overhead  or  under- 
ground conductors  or  interior  wiring. 

In  addition  to  metals  such  as  aluminum,  which  may  be  em- 
ployed for  electrical  conductors  in  place  of  copper,  because  they 
are  lighter,  other  metals  and  alloys  are  used  on  account  of  cheap- 
ness or  greater  strength.  The  most  prominent  of  these  is  iron 
or  steel,  which  until  a  few  years  ago  was  adopted  almost  uni- 
versally for  telegraph  and  telephone  lines.  But  the  most  recent 
practice  is  to  employ  copper  even  for  these  purposes,  it  being 
found  that  the  lower  resistance,  inductance  and  capacity  (because 
smaller  wires  are  used)  more  than  makes  up  for  increased  first  cost. 
Iron  has  rarely  been  used  as  a  conductor  in  electric  light,  power 
or  other  circuits  that  carry  large  currents,  because  of  its  much 
lower  conductivity,  being  about  one-seventh  that  of  copper.  An 
iron  wire  must  therefore  have  seven  times  the  cross-section  and 

7^78 

^     /*    =  6.14  times  the  weight  of  an  equivalent  copper  wire,  and 

would  cost  about  as  much. 

Nearly  all  alloys  also  have  a  considerable  lower  conductivity 
than  pure  copper,  so  that  they  are  not  very  generally  used  even 
for  overhead  conductors.  In  the  latter  case,  hard-drawn  wire  is 
employed,  having  a  conductivity  about  2  to  3  per  cent,  less  than 
that  of  annealed  copper. 

*  The  conductivity  of  aluminnm  varies  somewhat  depending  upon  its  purity. 
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Electfical  Resistance.  In  electrical  distribution  the  most  im- 
portant factor  is  resistance,  irom  the  scientific  as  well  as  from  the 
commercial  points  of  view.  It  entirely  determines  the  flow  of  a 
direct  current,  and  largely  affects  alternating  current  circuits  also, 
necessitating  the  use  of  large  quantities  of  copper  for  conductors, 
the  cost  of  which  constitutes  the  chief  item  of  expense  in  almost 
all  electrical  plants  or  systems,  as  already  stated. 

Resistance  appears  as  a  serious  difBculty  in  electrical  distribu- 
tion, producing  three  objectionable  effects.  First,  it  causes  a  drop 
in  voltage,  so  that  the  various  lamps  are  not  supplied  with  suf- 
ficient pressure  or  with  the  same  pressure ;  second,  it  involves  a 
loss  of  energy  and  efficiency,  and  third,  it  produces  heating  of  the 
conductors,  which  may  destroy  the  insulation  or  give  rise  to 
danger  of  fire.  Each  of  these  effects  will  be  considered  separately 
later. 

The  determination  of  electrical  resistance  can  easily  be  made 
either  by  calculation  or  by  actual  measurement.  It  is  not  necessary 
here  to  explain  the  many  well-known  ways  of  measuring  resist- 
ance, such  as  the  Wheatstone  bridge  and  the  fall  of  potential 
methods.  These  may  be  found  in  almost  any  electrical  work. 
Furthermore,  it  is  the  usual  practice  to  determine  the  electrical  re- 
sistance of  conductors  in  electric  light  and  power  distribution  by 
calculation  based  upon  certain  recognized  standards.  This  may 
be  verified  by  tests  of  samples  of  the  wire  or  by  measurements 
made  after  the  conductors  are  laid. 

The  Standard  Conductrmty  of  Copper.  It  is  almost  universally 
customary  to  express  the  comparative  conductivity  of  samples  of 
copper  in  terms  of  Matthiessen's  standard.  Unfortunately,  Matthies- 
sen  gave,  at  different  times,  several  values  which  do  not  agree  ex- 
actly. To  overcome  this  difficulty,  a  committee  of  the  American 
Institute  of  Electrical  Engineers  carefully  investigated  this  question 
and  recommended  a  general  acceptance  of  a  definite  value  for 
Matthiessen's  standard.  It  is  possible  to  obtain  copper  of  greater 
purity  and  higher  density  than  that  used  by  Matthiessen,  so  that  a 
somewhat  better  conductivity  of  I02,  or  even  105  per  cent,  of  the 
standard  may  be  reached.  But  practically  all  commercial  copper 
is  below  Matthiessen's  standard. 

A  complete  table  was  prepared  by  the  committee  of  the  Ameri- 
can Institute  of  Electrical  Engineers,*  giving  the  resistance,  weight, 

*  Transactions,  Vol.  X.,  1893. 
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etc.,  of  the  various  sizes  of  wire,  in  both  the  American  and  Eng- 
lish systems.  The  resistance  of  any  copper  wire  at  20  degrees  C» 
or  68  degrees  Fahr.,  according  to  Matthiessen's  standard,  may  be 

calculated  by  the  following  simple  formula  :  i^==  - --^^—,/?  being 

the  resistance  in  international  ohms,  /  the  length  of  the  wire  in 
feet,  and  d  its  diameter  in  mils.  The  latter  is  easily  determined 
with  accuracy  by  means  of  the  ordinary  screw  micrometer.  A 
very  simple  and  convenient  rule  to  remember  is  the  fact  that  i  ,00a 
feet  of  No.  10  A.  W.  G.  wire,  which  is  practically  one.tenth  of  ai> 
inch  in  diameter  (.1019),  has  I  ohm  resistance  at  20  degrees  C» 
(68  degrees  Fahr.),  and  weighs  31.4  pounds.  A  wire  three  sizes 
larger,  that  is,  No.  7,  has  twice  the  cross-section  and  weight  per 
thousand  feet,  and  one-half  the  resistance.  A  wire  three  sizes 
smaller,  that  is.  No.  13,  has  one-half  the  cross-section  and  weight 
and  twice  the  resistance  per  thousand  feet.  Another,  three  sizes 
smaller,  that  is.  No.  16,  has  one-fourth  the  cross-section  and 
weight  and  four  times  the  resistance  of  No.  10,  and  similarly  a 
No.  4  wire  has  four  times  the  cross-section  and  weight  and  one- 
fourth  the  resistance  of  No.  10.  This  may  be  carried  to  the  ex- 
treme limits  of  the  gauge  in  either  direction,  the  cross-section 
doubUng  with  each  three  numbers.  Intermediate  sizes-  may  be 
approximated  by  interpolation ;  for  example,  No.  8  wire  is  about 
two.thirds  larger  than  No.  10. 

Temperature  Coefficient  of  Copper,  The  effect  of  variations  in 
temperature  upon  the  conductivity  of  copper  was  given  by  Mat- 
thiessen,*  his  results  being  usually  put  in  the  following  form : 

R^z=:  R^[\  +  0.00387/  +  0.00000597/*). 

in  which  R^  is  the  resistance  of  a  pure  copper  conductor  at  any 
temperature  /  in  centigrade  degrees,  R^  being  its  resistance  at  o**C. 
It  is  doubtful,  however,  if  this  complicated  formula  is  any  more 
correct  than  the  very  simple  expression :  f 

R=R^{\  -1-0.004/). 

Matthiessen  found  nearly  all  pure  tnetals  to  have  substantially  the 
same  temperature  coefficient  as  copper,  the  only  important  excep- 
tion being  iron  and  liquid  mercury.     The  values  given  for  these 

•Fkilosopkual  Transactions^  1862. 
\Tke  EUcirical  Wcrld,  Feb.  16,  1896. 
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metals  are  somewhat  variable,  but  are  about  0.0045  for  iron  and 
about  0.0009  for  liquid  mercury. 

The  resistance  in  ohms  of  a  copper  conductor  at  a  given  tem- 
perature is  calculated,  according  to  Matthiessen's  results,  by  the 
formula: 

r,  _9S87(i  +  0.00387/ +  0.00000597/*)/ 
^t Si  ' 

which  gives  the  same  figures  as  those  of  the  table  of  the  American 
Institute  of  Electrical  Engineers,  already  cited.  But  if  the  simpler 
temperature  coefficient  is  adopted,  approximately  correct  values 
are  obtained  from  the  following  expression : 


9.6(1+0.004/)/ 
Rt=- ^72 


In  fact,  the  variation  in  resistance  of  copper  is  so  great  with 
ordinary  changes  in  temperature  that  it  is  rarely  possible  to  pre- 
determine it  with  great  accuracy.  The  temperature  of  an  over- 
head line  may  vary  from  natural  causes  enough  to  alter  the  resist- 
ance about  25  per  cent.  A  further  increase  due  to  the  heating 
effect  of  the  current  would  make  a  total  change  of  about  40  per 
cent,  in  resistance.  Underground  and  interior  conductors  are  not 
subject  to  such  extreme  variations  in  the  temperature  of  their 
environment,  but  it  often  amounts  to  many  degrees,  particularly  for 
the  latter,  and  the  heating  effect  of  the  current  may  be  equally 
great.  Fortunately,  however,  in  electrical  transmission  or  dis- 
tribution the  current  does  not  ordinarily  heat  wires  more  than  5  or 
10  degrees,  the  loss  of  voltage  being  usually  the  controlling  factor. 
Under  the  head  of  current  capacity  the  rise  in  temperature  of  the 
various  kinds  of  conductors  will  be  discussed  later. 

In  any  given  case  the  probable  temperature  around  a  conductor 
and  the  rise  due  to  the  current  can  be  at  least  approximately  de- 
termined, so  that  resistance  calculations  can  be  made  accordingly. 

It  is  customary  to  specify  in  plans  and  contracts  that  copper  for 
electrical  purposes  shall  have  a  conductivity  not  less  than  98  per 
cent,  of  Matthiessen's  standard.  In  some  cases  only  96  per  cent, 
is  required,  but  it  should  not  be  allowed  to  fall  below  this  limit,  as 
it  is  perfectly  practicable  to  obtain  copper  of  such  quality,  and  in- 
ferior grades  would  not  be  enough  cheaper  to  make  up  for  their 
lower  conductivity.  Allowance  should  be  made  for  this  fact  in 
calculating  the  resistance  of  conductors. 
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TTie  dropy  or  lost  pressure  in  volts,  is  very  easily  and  definitely  de- 

E 
termined  from  Ohm's  law,  by  changing  its  ordinary  form  /==   -^ 

into  £=  I R,  This  is  not  only  true  of  the  whole  circuit,  but  also 
applies  to  any  portion  or  branch  of  the  circuit,  and  ordinarily  it 
is  far  simpler  and  more  likely  to  avoid  errors  if  each  part  of  the 
circuit  is  considered  separately.  In  the  case  of  a  very  complicated 
electrical  system,  it  would  be  practically  out  of  the  question  to 
treat  the  circuit  as  a  whole,  but  it  is  always  possible  to  divide  the 
system  of  conductors  into  separate  lengths,  in  each  of  which  we 
can  determine  the  current,  the  resistance,  and  therefore  the  fall  of 
potential  which  takes  place.  In  most  practical  work  the  current 
is  given,  since  it  is  usually  known- how  many  lamps  or  how  much 
power  is  to  be  supplied.  It  then  becomes  necessary  to  calculate 
the  value  of  the  resistance  in  order  to  have  the  proper  value  for 
the  drop,  the  latter  being  assumed  or  fixed  by  the  conditions  in 
each  case.  The  common  idea  that  a  short  conductor  of  very  large 
diameter  has  no  appreciable  resistance  is  quite  fallacious.  For 
example,  a  bar  of  copper  one  foot  long  and  one  inch  in  diameter 
has  about  one  hundred-thousandth  part  of  an  ohm  resistance. 
While  this  may  be  a  negligible  amount  in  most  cases,  it  is  always 
perfectly  definite,  and  is  often  quite  appreciable.  Such  a  rod 
would  carry  one  thousand  amperes  with  a  drop  of  one  hundredth 
of  a  volt  between  its  ends,  or  ten  volts  per  thousand  feet,  which  is 
by  no  means  insignificant.  Bars  of  this  size  or  larger  are  often 
used  in  practice  carrying  correspondingly  large  currents,  hence  it 
is  not  safe  to  ignore  resistance,  even  in  the  case  of  very  large 
conductors. 

Loss  of  Energy,  The  second  objectionable  efTect  which  resist- 
ance produces  in  electrical  distribution  is  the  loss  of  energy  which 
it  occasions.  This  loss  is  absolute,  and  must  always  occur  when- 
ever a  current  flows  though  a  resistance.  The  exact  value  of  this 
loss  is  given  by  the  expressions : 

Watts  lost  =nR=E  1:=.-^ 

in  which  /  is  the  current  in  amperes,  R  is  the  resistance  in  ohms, 
and  E  is  the  drop  or  lost  pressure  in  volts,  being  applicable  either 
to  the  whole  circuit  or  to  any  part  of  it.  From  one  of  these  ex- 
pressions the  loss  of  energy  can  always  be  ascertained,  provided 
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any  two  of  the  three  quantities  are  known.  These  expressions  give 
the  loss  which  occurs  continuously  so  long  as  the  current  flows ; 
that  is,  it  is  the  rate  of  dissipation  or  energy  or  the  power  wasted. 
For  a  given  time  /  in  seconds — 

E^t 
Loss  of  energy  z=z  P  Rt  =  E  Ir^=.  -    - 

If  it  is  desired  to  convert  the  loss  of  energy  into  heat  units,  any 
of  the  above  values  may  be  multiplied  by  0.24,  since  one  watt- 
second  is  equal  to  0.24  of  a  gram-degree. 

This  loss  of  energy,  while  quite  considerable  in  almost  every 
electrical  system,  usually  amounting  to  from  5  to  25  per  cent.,  is 
rarely  the  controlling  consideration  in  electric  lighting.  Th^dropy 
which  has  already  been  considered,  and  the  heating  limit,  which 
will  be  considered  later,  are  usually  of  more  consequence  than  the 
mere  waste  of  a  small  fraction  of  the  total  energy,  the  success  or 
failure  of  an  electric  lighting  plant  being  dependent  upon  keeping 
them  within  certain  limits. 

Economy  in  Design  of  Conductors,  In  many  cases,  particularly 
for  long-distance  transmission  in  contradistinction  to  local  distribu- 
tion, the  relation  between  the  first  cost  of  the  conductors  and  the 
energy  lost  in  them  may  be  a  matter  of  prime  importance.  This 
subject  was  first  attacked  in  1881  by  Lord  Kelvin,  who  read  be- 
fore the  British  Association  a  paper  on  '<  The  Economy  of  Metal 
Conductors  of  Electricity,"  in  which  he  attempted  to  give  a  general 
solution  of  the  problem.  The  conclusion  reached  by  him,  and 
now  known  as  '<  Kelvin's  Law,"  may  be  stated  in  the  following 
language :  The  most  economical  area  of  conductor  is  that  for 
which  the  annual  interest  on  capital  outlay  equals  the  annual  cost 
of  energy  wasted.  In  other  words,  the  total  annual  expenditure 
for  interest  on  the  mvestment  and  energy  lost  on  the  line  is  a  mini, 
mum  when  these  two  items  are  equal  to  each  other. 

The  importance  of  this  law  has  usually  been  greatly  overesti. 
mated,  but  gradually  its  limitations  have  been  brought  out.  In 
1 886  Professors  Ayrton  and  Perry  showed,  in  papers  before  the 
Society  of  Telegraph  Engineers  and  Electricians,  that  Kelvin's  Law- 
applies  only  in  certain  cases,  and  they  gave  various  modifications 
and  extensions  of  the  law.  Professor  George  Forbes  has  also  con- 
tributed to  this  subject  in  his  Cantor  Lectures  of  1885,*  in  which 

•London  Electrician,  Vols.  XV.  and  XVI. 
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he  showed  that  the  portion  of  the  investment  which  is  not  propor- 
tional to  the  cross-section  of  the  conductor  should  be  kept  separate 
so  that  the  amended  law  becomes :  The  most  economical  area  of 
conductor  is  that  for  which  the  annual  cost  of  energy  wasted  is 
equal  to  the  annual  interest  on  that  portion  of  the  capital  outlay 
which  is  proportional  to  the  area  or  weight  of  metal  used.  Professor 
William  A.  Anthony,  in  an  article  on  "  Economy  in  Conductors, 
and  the  Limitations  in  the  Applicability  of  Kelvin's  Law,"*  dem- 
onstrates that  in  some  cases  Kelvin's  Law  gives  absurd  results,  and 
may,  for  example,  require  that  all  of  the  energy  should  be  wasted  in 
order  to  secure  tfie  highest  economy.  This  is  due  to  the  fact  that  the 
minimum  expe?ise  of  operationis  considered,  and  the  energy  deliv- 
ered at  the  end  of  the  line,  which  is  still  more  important,  is  entirely 
ignored.  In  fact,  a  great  many  laws  of  this  kind  can  be  deduced 
according  to  what  factors  are  considered.  Abbott  f  and  Kilgour  \ 
give  15  possible  combinations,  but  state  that  only  11  of  them  are 
likely  to  be  of  any  practical  importance,  Kelvin's  Law  being  only 
one  of  these  cases.  But  all  of  these  solutions  of  the  problem  are 
of  somewhat  doubtful  practical  value,  and  it  is  probably  true  that 
Kelvin's  Law,  or  any  modification  or  extension  of  it  that  has  yet 
been  brought  out,  has  done  far  more  harm  than  good  in  electrical 
engineering.  It  gives  a  false  confidence  in  the  results  of  calcula- 
tions which  may  be  totally  at  variance  with  real  commercial  econ- 
omy. The  reason  for  this  difficulty  lies  chiefly  in  the  fact  that  the 
actual  costs  of  some  of  the  items  cannot  be  expressed,  even  ap- 
proximately, as  mathematical  functions.  Furthermore,  various 
incidental  factors  and  particular  conditions  arise,  such  as  the  avail- 
able sizes  of  machines,  which  render  a  general  solution  of  this 
problem  of  little  practical  value. 

In  this  connection  it  is  a  common  mistake  to  forget  that  the  in- 
terest and  depreciation  on  the  investment  is  a  fixed  and  irretrie- 
vable expense,  while  the  energy  lost  on  the  conductor  depends 
upon  the  power  transmitted.  If  the  plant  is  lightly  loaded,  or  is 
shut  down  entirely,  owing  to  hard  times,  strikes,  etc.,  the  fixed 
charge  runs  on  as  usual,  but  the  energy  loss  is  greatly  reduced,  or 
stopped  altogether.  Hence  it  is  not  wise  to  lay  the  full  amount  of 
copper  corresponding  to  the  maximum  or  even  ordinary  demands, 

*  Electrical  Ettgineer,  Oct  31,  1894. 
f  Electrical  Transmission  of  Energy ^  p.  457, 
\  Electrical  Transmission,  Lond.,  1893. 
VOL,  XVIIL — &. 
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as  there  is  no  control  over  the  investment  after  it  is  once  made, 
whereas  the  energy  loss  adjusts  itself  to  the  working  conditions. 

Probably  the  safest,  as  well  as  the  quickest,  method  to  arrive  at 
a  correct  result  would  be  to  obtain  a  general  solution  of  the  prob- 
lem by  means  of  some  form  of  Kelvin's  Law;  then  this  result 
should  be  carefully  checked  by  assuming  a  larger  and  also  a 
smaller  wire,  and  estimating  the  economy  that  would  be  secured 
if  they  were  substituted  for  the  size  of  wire  obtained  by  the  calcu- 
lation. The  difficulties  of  determining  the  various  items  of  ex- 
pense are  greatly  reduced  by  assuming  a  certain  size  of  wire,  and 
the  various  factors,  which  would  be  almost  impossible  to  cover  by 
a  general  formula,  immediately  become  definite.  Scientific  and 
rational  methods  should  always  be  preferred  to  empirical  ones, 
but  every  experienced  engineer  will  admit  that  when  complicated 
questions  of  cost  arise  it  is  unwise  to  rely  entirely  upon  general 
formulae,  which  are  almost  necessarily  abstract  and  incomplete. 
The  attempt  to  force  science  beyond  its  legitimate  limits  has  done 
great  injury  to  many  industrial  enterprises  as  well  as  to  science 
itself. 

Current-Carrying  Capacity  of  Conductors.  The  third  objectionable 
effect  of  resistance  in  electrical  distribution  is  the  heating  which  it 
causes.  The  production  of  heat  in  an  electrical  conductor  has 
already  been  stated  in  terms  of  the  various  quantities  involved. 
This  heat  is  an  absolutely  definite  and  unavoidable  result  of  the 
flow  of  the  current.  Its  effect  is  to  raise  the  temperature  of  the  con- 
ductor, and  this  rise  continues  until  the  heat  lost  is  equal  to  the 
heat  generated ;  then  the  temperature  becomes  constant.  It  is  ob- 
vious, therefore,  that  any  electrical  conductor  is  only  capable  of 
carrying  a  certain  current  with  a  given  elevation  of  temperature, 
and  in  practical  work  the  allowable  temperature  is  limited  by  con- 
siderations of  injury  to  insulation,  danger  of  fire,  etc.  No  exact 
general  rule  for  current  capacity  can  be  given,  as  much  depends 
upon  the  conditions  in  each  case.  But,  since  a  wide  margin  must 
be  allowed  between  the  danger  point  and  the  permissible  current 
capacity,  it  is  possible  to  establish  rules  which  are  somewhat  arbi- 
trary, but  sufficiently  safe  in  almost  any  case.  This  is  practicably 
the  basis  upon  which  tables  are  made  giving  the  current  that  it  is 
allowable  for  any  size  of  wire  to  carry.  These  tables  are  largely 
the  results  of  experience,  but  can  be  arrived  at  more  or  less  accu- 
rately by  calculation. 
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The  following  are  standard  tables  oi  maximum  current-carrying 
capacity  of  different  sizes  of  wire. 

A.  W.  G.  Table  I.  Table  2.  Table  3. 
0000                                175                               218  312 

000  145  181  262 

00  120  150  220 

0  100  125  185 

1  85  105  156 

2  70  88  131 

3  60  75  no 

4  50  63  92 

5  45  53  77 

6  35  45  65 
8                               25                               33                                46 

10  20  25  32 

12  15  17  23 

14  10  12  16 

16  5  6  8 

"8335 

Table  No.  i  is  based  upon  Kennelly's  experiments,  and  is  in- 
tended to  allow  a  rise  in  temperature  of  75  degrees  Fahr.  for  twice 
the  current  specified,  thus  allowing  an  ample  factor  of  safety. 
The  normal  current  would  only  raise  the  temperature  about  19  de- 
grees Fahr.,  the  heating  effect  being  proportional  to  the  square  of 
the  current.  The  rules  of  the  National  Board  of  Fire  Under- 
writers permit  a  current  density  about  25  per  cent,  greater  than 
the  foregoing,  the  figures  being  given  in  Table  2.  This  would 
give  a  temperature  elevation  of  about  30  degrees  Fahr.,  and  would 
still  allow  a  considerable  increase  (about  60  per  cent.)  in  current 
above  the  normal  without  injurious  effects.  This  table  covers 
*'  concealed  work,"  and  Table  3,  which  permits  a  still  greater  cur- 
rent density,  is  used  for  "  open  work." 

Series  Systems  of  Distribution. 

The  simplest  arrangement  of  lamps  or  other  devices  to  be  sup- 
plied with  electrical  energy  is  a  series  system,  in  which  the  current 
from  the  dynamo  D  passes  first  through  one  lamp,  i,  and  then 
through  another,  and  so  on,  as  shown  in  Fig  i.  In  such  cases  the 
current  is  usually  constant,  hence  the  expression  constant  current 
is  practically  synonymous  with  seties  in  electrical  distribution. 
The  term  high  tension  also  applies,  since  the  voltage  usually  em- 
ployed is  high,  being  equal  to  the  pressure  consumed  in  each  lamp 
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Fig.  r.— Series  Arc  Circuit. 


multiplied  by  the  number  of  lamps.  For  example,  sixty  lamps  are 
commonly  placed  upon  a  single  arc-lighting  circuit  and,  since  each 
lamp  requires  fifty  volts,  it  follows  that  the  total  pressure  is  3,cxx> 
volts.  The  problem  of  designing  or  studying  series  circuits  is  not 
difficult,  the  path  of  the  current  being  usually  simple,  and  the  cur- 
rent constant  throughout  the  circuit.  This  last  statement  is  only 
true,  however,  if  the  leakage  of  current  is  insignificant,  which  is 
generally  the  case  in  electric  light  and  power  distribution. 

Dishibution  of  Potential  on  Series  Systems,  The  potential  on  a 
series  system  falls  throughout  the  circuit  in  direct  proportion  to 
the  resistance.  That  is  E^CR^  the  difference  of  potential  E  in 
volts  between  any  two  points  being  equal  to  the  product  of  the 
current  C  in  amperes  and  the  resistance  R  in  ohms.  This  sim- 
ple fact  completely  covers  any  possible  problem  that  can  arise  in 
connection  with  a  series  system,  provided  a  direct  current  is  used^ 
and  is  easily  applied  in  almost  any  case.  In  Fig.  2  an  arc-lighting 
system  is  represented,  D  being  the  dynamo  and  Z,  L,  L  the  lamps, 
connected  in  series.  The  total  difference  of  potential  generated 
by  the  dynamo  is  i,0CX)  volts,  measured  between  the  two  brushes 
marked  -|-  and  — .  This  potential  falls  as  the  current  traverses  the 
circuit,  fifty  volts  being  consumed  per  lamp.  This  is  made  up  of 
forty-five  volts  actually  used  in  the  lamp  itself  and  a  drop  of  five 
volts  on  the  conductor  between  two  lamps.  That  is,  the  drop  on 
the  line  wire  is  lo  per  cent,  of  the  total  E.  M.  F.  The  relative 
potential  of- the  various  points  on  the  circuit  is  easily  found.  For 
example,  between  the  -f  brush  and  the  middle  point  M  oi  the  cir- 
cuit there  is  a  difference  of  potential  of  500  volts  and  the  same 
amount  between  the  middle  point  and  the  —  brush.  Similarly  any 
two  points  on  the  circuit  will  have  a  difference  of  potential  equal 
to  fifty  volts  multiplied  by  the  number  of  lamps  between  them. 
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Personal  Danger  front  Series  Circuits.  If  a  man  standing  on  the 
ground  touches  a  very  highly  insulated  circuit,  only  a  very  slight 
current  will  pass  through  his  body,  but  if  the  insulation  is  low  or 
any  defect  exists  at  any  particular  point,  then  a  considerable  cur- 
rent may  flow  through  his  body.     In  Fig.  2  the  circuit  is  supposed 

-t4<^ i^-M X X ^ X- 
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Fig.  2. — Distribution  of  Potential  on  Series  System. 

to  have  a  ground  connection  at  the  point  P.  This  will  cause  the 
potential  to  be  zero  at  that  point ;  consequently  a  man  may  stand 
on  the  ground  and  touch  the  circuit  at  that  point  with  perfect  impu- 
nity. If,  however,  he  touches  the  wire  at  the  point  She  will  re- 
ceive a  barely  perceptible  shock  due  to  100  volts,  since  there  are 
two  lamps  between  that  point  and  the  ground  connection ;  but  if 
the  circuit  is  touched  at  that  point  R  the  difference  of  potential 
between  it  and  the  ground  connection  being  900  volts  will  produce  a 
dangerous  or  perhaps  fatal  current.  When  the  defect  in  the  in- 
sulation does  not  amount  to  what  is  called  *'  dead  ground,"  but  has 
a  resistance,  for  example,  1,000  ohms,  then  a  man  touching  the 
wire  at  the  point  R  will  receive  a  shock  due  to  900  volts,  but  the 
resistance  of  the  ground  connection,  which  is  1,000  ohms,  will  be 
in  series  with  his  body,  and  consequently  the  current  will  be  less, 
and,  assuming  the  resistance  of  his  body  to  be  1,000  ohms,  the  cur- 
rent will  be  one  half  as  great  as  in  the  first  case.  If  the  ground 
connection  has  a  resistance  of  8,000  ohms  the  current  through  the 

body  would  be^ . =-  -  of  an  ampere,  which  is  not  dan- 

^  8,000+1,000      10  ^ 

gerous.     We  may  sum  up  these  various  cases  as  follows : 

1.  A  very  highly  insulated  direct-current  electrical  circuit  may 
be  touched  at  any  one  point  without  danger  by  a  man  standing 
on  or  in  connection  with  the  ground. 

2.  If  a   ground  connection  exists  on  an  electrical   circuit   the 
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danger  of  touching  the  circuit  increases  directly  with  the  resistance 
between  the  ground  connection  and  the  point  of  contact. 

3.  The  resistance  of  the  ground  connection  is  in  series  with  the 
body  of  any  one  connected  with  the  ground  and  touching  the 
wire. 

4.  It  is  never  safe,  however,  to  assume  the  insulation  to  be  per- 
fect or  that  a  ground  connection  exists  at  some  particular  points 
or  that  it  has  a  high  resistance.  The  circuit  should  always  be 
treated  as  if  the  most  dangerous  possible  conditions  existed. 

Regulation  of  Series  Systems.  The  condition  required  on  series 
circuits  is  usually  the  maintenance  of  a  constant  current.  This  is 
accomplished  by  designing  the  dynamo  so  that  it  will  automatically 
generate  a  nearly  constant  current.  The  various  dynamos  used  in 
series  arc  lighting,  such  as  the  Brush,  Thomson- Houston  and 
Wood  machines,  are  well-known  examples  of  this  type  of  genera- 
tor.  They  are  provided  with  regulating  devices,  which  either 
shift  the  brushes  or  vary  the  strength  of  the  field,  or  both,  in  order 
to  keep  the  current  at  a  constant  value.  In  addition  to  these 
special  regulators  such  machines  are  so  designed  that  they  have 
considerable  self-induction,  resistance  and  armature-reaction,  all  of 
which  tend  to  prevent  the  current  from  rising  to  a  high  value^ 
even  when  the  machine  is  short-circuited. 

Series  Arc-Lighting  System.  The  general  arrangement  of  the 
apparatus  and  circuit  is  represented  in  Fig.  i.  The  dynamo  and 
lamps  may  be  selected  from  the  various  well-known  and  thoroughly 
successful  forms  of  constant-current  arc- lighting  apparatus.  The 
determination  of  the  size  of  wire  is  not  very  difficult.  General 
custom  and  considerations  of  strength  require  that  no  wire  smaller 
than  No.  8,  A.  W.  G.,  should  be  used.  Similarly  it  would  not 
usually  be  necessary  to  employ  a  conductor  larger  than  No.  4,  be- 
cause the  potential  being  high,  and  the  current  small,  the  loss  of 
energy  is  not  great  in  a  wire  of  several  miles  in  length.  To  take 
a  specific  case,  let  us  assume  a  circuit  five  miles  long,  supplying 
80  arc  lamps,  the  potential  being  4,000  volts  and  the  current  10 
amperes.  If  No.  6  wire  is  used,  the  resistance  would  be  2.1  ohms 
per  mile  or  10.5  ohms  for  the  whole  line.  This  involves  a  drop  of 
105  volts  and  a  loss  of  energy  of  1,050  watts,  which  is  only  2.63 
per  cent ;  consequently  it  is  evident  that  the  use  of  a  little  larger 
or  a  little  smaller  wire  would  not  seriously  affect  the  economical 
working  of  such  a  line,  and  the  cost  of  copper  is  also  small.     The 
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substitution  of  No.  3  for  No.  6  wire  would  save  one-half  the  loss 
of  energy  and  the  cost  of  the  copper  would  be  doubled.  The 
energy  saved,  525  watts,  would  have  a  certain  value  per  annum, 
depending  upon  the  cost  of  coal  and  other  local  circumstances* 
The  larger  size  of  conductor  would  involve  a  certain  additional 
first  cost.  In  many  cases  the  larger  size  of  wire  might  secure  a 
saving  of  energy  greater  than  the  charge  on  the  increased  invest- 
ment ;  but  it  should  be  remembered  that  the  cost  of  laying  and 
repairing  the  larger  wire  would  be  considerably  greater,  and  its  un- 
sightliness  would  be  quite  a  drawback  in  the  case  of  overhead  con- 
ductors. It  is  therefore  very  doubtful  whether  it  would  pay  to 
put  up  the  larger  wire  simply  to  save  a  small  amount  of  energy, 
only  amounting  to  about  1. 3 1  per  cent,  of  the  total  power  gener. 
ated. 

Series  Incandescent  Lamps  on  Arc  Circuits.  Several  forms  of  in- 
candescent lamps  have  been  designed  and  manufactured  for  use  on 
the  regular  lo-ampere  arc  circuits.  These  consist  of  lamps  similar 
in  general  principle  and  construction  to  those  used  for  constant 
potential,  parallel  distribution,  but  containing  a  shorter  filament  of 
larger  cross-section,  that  is  sufficiently  heavy  to  carry  the  full  cur- 
rent of  10  amperes. 

The  most  important  consideration  is  that  of  maintaining  the 
continuity  of  the  circuit  when  the  filament  of  any  lamp  happens 
to  break,  which  might  occur  at  any  time.  This  may  be  accom- 
plished by  some  form  of  cut-out,  which  short-circuits  the  lamp 
when  the  filament  is  broken.  One  type  of  this  device  is  called  a 
"film  cut-out"  and  consists  of  a  thin  sheet,  F,  of  paper  or  other 
material  interposed  between  the  points  P  and  P  connected  to  the 
conductors  A  and  B  which  enter  and  leave  the  lamp,  as  repre- 
sented in  Fig.  3.  This  film  obliges  the  current  to  pass  through 
the  lamp  so  long  as  the  filament  is  intact ;  but  when  the  latter 
breaks  the  difference  of  potential  rises  from  its  ordinary  value  of 
ID  or  20  volts  to  the  full  E.  M.  F.  of  the  circuit,  which  is  usually 
several  thousand  volts.  This  high  pressure  is  sufficient  to  punc- 
ture the  film,  allowing  the  current  to  pass  directly  across  between 
the  points  P  and  P,  thus  short-circuiting  the  lamp  and  re-establish- 
ing the  continuity  of  the  circuit.  In  some  cases  a  small  electro-mag- 
netic switch  is  employed,  which  is  caused  to  close  and  short-circuit 
the  lamp  by  means  of  a  magnet  connected  across  as  a  shunt  be- 
tween the  leads  of  the  lamp.     The  coils  of  this  magnet  are  of  high 
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resistance  and  carry  little  current  until  the  filament  is  broken, 
when  the  full  current  is  thrown  through  them,  causing  the  switch 
to  close. 


Fig.  3.— Film  Cut-Out 
FOR  Series -Incandes- 
cent Lamp. 


^^ Municipal''  Series  Incandescent  Systems.  These  are  similar  to 
the  preceding,  but,  instead  of  operating  with  a  regular  arc- lighting 
current  of  10  amperes,  they  are  usually  designed  for  about  3  or  3.5 
amperes.  This  gives  a  filament  of  sufficient  length  and  cross- 
section  to  be  durable,  and  yet  does  not  require  excessively  large 
leading-in  wires.  The  lamps  are  made  of  various  sizes,  requiring 
about  one  volt  per  candle  power.  The  practice  with  this  system 
is  to  feed  the  circuit  with  a  constant  potential,  usually  i,ocx>  volts. 
When  the  filament  of  a  lamp  breaks  and  it  is  automatically  cut 
out  of  the  circuit  the  current  increases  in  strength  since  the  total 
resistance  is  reduced,  the  potential  remaining  constant.  This  in- 
crease of  current  is  indicated  by  an  ampere  meter,  or  by  the 
brightening  of  a  lamp  in  the  station,  and  is  corrected  and  brought 
back  to  its  normal  value  by  switching  in  an  extra  lamp  at  the 
station.  This  is  usually  done  by  an  attendant  who  is  kept  on  duty 
to  watch  the  various  circuits.  The  system  is  rather  a  crude  one, 
and  is  rarely  used  except  for  street  lighting  in  place  of  arc  lights 
where  the  more  powerful  light  of  the  latter  is  not  required.  Sev- 
eral of  these  circuits  may  be  operated  from  the  same  dynamo,  all 
of  them  being  supplied  with  the  same  potential.  Either  the  direct 
or  alternating  current  is  applicable  to  this  method  of  distribution, 
and  both  are  in  actual  use.  The  dynamo  is  designed  to  yield  a  con- 
stant potential  of  a  given  value,  being  equal  to  the  sum  of  the 
voltages  required  by  the  lamps  of  each  circuit.  The  current  ca- 
pacity of  the  dynamo  must  be  sufficient  to  supply  the  various  cir- 
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cuits  in  parallel.  A  shunt  or  compound  wound  direct  current  ma- 
chine, or  a  separately  excited  or  composite  alternator,  would  be 
suitable  to  the  purpose.  In  the  case  of  the  compound  or  com- 
posite machines  they  should  simply  give  an'  absolutely  constant 
potential,  since  the  number  of  lamps,  and  therefore  the  drop,  on 
each  circuit  is  constant. 


THE   MODERN    DOME. 

By  a.  D.  F.  HAMLIN. 

As  the  broad  dome  of  the  new  library  of  the  University  rises 
•daily  higher  above  the  surrounding  mass,  the  value  and  beauty  of 
this  feature,  both  as  a  part  of  the  structure  it  crowns  and  as  an  ele- 
ment in  the  landscape,  becomes  increasingly  apparent.  A  short 
distance  away  in  one  direction  the  cupola  of  St.  Luke's  Hospital 
challenges  attention  by  the  contrast  which  its  more  slender  and 
loftier  proportions  offer  to  the  profile  of  the  library  dome;  while 
to  the  northwest  the  great  conical  roof,  covering  the  dome  of  the 
Grant  mausoleum,  furnishes  a  third  variation  on  the  theme  of  the 
dome  as  an  external  feature.  The  three  together  introduce  into 
the  landscape  silhouette  a  much-needed  element.  Hitherto 
spires,  tall  office  buildings  and  chimneys  have  furnished  almost 
the  only  varieties  of  upward  breaks  in  the  profile  of  New  York, 
which  has  been  singularly  lacking  in  interesting  outlines,  es- 
pecially in  the  uptown  region. 

The  use  of  the  dome,  as  a  commanding  feature  of  external  design, 
is  an  essentially  modern  idea  in  European  and  Western  architecture. 
Neither  the  Romans  nor  the  Byzantine  builders,  who  made  of  the 
hemispherical  vault  one  of  the  most  important  elements  in  their 
architectural  design,  attempted  to  give  it  any  importance  as  an  ex- 
ternal feature.  The  dome  of  the  Pantheon  at  Rome  (i  19  A.  D.)  is 
externally  almost  invisible  from  the  ground,  except  at  a  great  dis- 
tance. That  of  Hagia  Sophia  at  Constantinople,  the  masterpiece 
of  Byzantine  art,  dating  from  556,*  however  impressive  by  its  size, 
has  absolutely  nothing  to  suggest  that  its  designers  gave  any 
thought  to  its  exterior  aspect.     The  five  domes  of  St.  Mark's  at 

♦The  original  dome,  built  532-538  A.  D.,  fell  in  during  an  earthquake,  and  was  re- 
built abouf  556  A.  D.,  with  a  fuller  curve. 
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Venice  required,  to  please  the  taste  of  the  fifteenth  century  and  to 
bring  them  into  some  harmony  with  the  splendor  of  the  facade, 
the  addition  over  them  of  the  present  wooden  and  lead-covered  cu- 
polas, which  date  from  the  fifteenth  century.  The  exterior  treat- 
ment of  the  domes  of  St.  Front  at  Perigueux  (1047)  is  a  modern 
addition,  and  all  the  great  domes  of  Italian  churches  and  bap- 
tisteries erected  previous  to  the  Renaissance,  are  either  utterly  in- 
significant to  external  view,  or  covered  by  wooden  domes  or 
masked  by  tower-like  edifices,  wholly  unrelated  to  the  form  or 
structure  of  the  vault  beneath  them.  Even  the  thousand  domes 
of  Constantinople,  striking  and  effective  in  their  aggregate  effect 
upon  the  silhouette  of  that  marvelous  city,  are  individually  com- 
monplace  and  bare  externally. 

The  earliest  examples  we  have  of  the  dome  treated  as  an  ele- 
ment in  the  exterior  decorative  effect  of  an  architectural  design^ 
appear  to  be  those  erected  by  the  Arabs  in  northern  Africa,  chiefly 
in  Cairo,  during  the  closing  years  of  the  Fatimite  dynasty,  as  in  the 
mosque  of  Barkouk  ( 1 149  A.  D.) ;  and  during  the  Ayub  dynasty,  as 
in  the  great  MiLristan  Kalaoun  (1284-13 18)  and  the  beautiful  tombs 
of  the  Karafah.  This  use  of  the  dome  was  associated  almost  ex- 
clusively with  the  idea  of  sepulture  and  was  a  natural  consequence 
of  the  purpose  which  dictates  the  erection  of  a  mausoleum,  namely^ 
that  of  proclaiming  to  the  world,  by  the  external  splendor  of  the 
monument,  the  honor  of  the  distinguished  dead  interred  within* 
These  Arabic  domes  are  accordingly  given  great  height  in  pro- 
portion to  their  diameter ;  and  by  the  refined  and  subtle  curvature  of 
their  profiles,  as  well  as  by  the  extraordinary  richness  of  their  sur- 
face decoration,  they  produce  a  most  striking  architectural  effect^ 
not  easily  surpassed  in  its  way.  All,  or  nearly  all  of  the  domical 
mosques  of  Cairo,  are  tomb-mosques,  erected  to  commemorate 
deceased  Khalifs  whose  sarcophagi  are  placed  within  the  mosque 
enclosure  or  even  under  the  lofty  dome.  But  these  domes,  thus 
designed  for  external  effect,  present  internally  little  of  the  appear- 
ance of  the  dome  as  used  by  the  Roman  and  Byzantine  builders. 
Their  small  diameter  and  great  height  suggest  rather  the  effect  of 
"  lanterns,"  such  as  the  Gothic  builders  of  France  and  England 
were  wont  to  erect  over  the  crossings  of  their  great  churches,  as  in 
St.  Ouen  at  Rouen.  The  simple  majesty  of  the  broad  hemispheri- 
cal vault  is  wholly  wanting,  and  its  place  is  taken  by  the  sump, 
tuousness  of  complicated  and  minute  decoration  by  ** stalactite"  or- 
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tf  gUdiag  and  color.  There  was  no  attempt  to  combine  in 
one  design  the  conflicting  txmceptions  of  the  broad,  simple  hemi- 
spherical vault  of  low  curvature  for  interior  effect,  and  the  narrow 
lofty  profile  required  for  external  impressiveness. 

II. 

This  conflict  between  the  demands  of  internal  and  external  eflect 
is  the  crux  of  dome  design.  It  is  this  difficult  and,  at  first  sight, 
insoluble,  problem  which  the  architects  of  the  Renaissance  in 
Italy  undertook  to  solve.  It  is  the  recognition  of  this  problem, 
and  the  way  in  which  it  was  handled,  that  distinguish  Brunel- 
leschi's  dome  of  the  Cathedral  of  Florence  (1420- 1464)  as  the 
initial  triumph  of  the  new  taste  in  architecture,  quite  as  much  as 
its  marvelous  structural  design  and  execution.  The  mighty  octag- 
onal vault,  143  feet  in  diameter,  rises  internally  to  a  height  of 
nearly  280  feet,  not  counting  the  lantern.  It  is  constructed  with 
an  inner  and  an  outer  shell,  connected  by  eight  major  and  sixteen 
minor  ribs;  the  exterior  profile  being  slightly  steeper  and  more 
acute  than  the  interior.  The  whole  is  crowned  by  a  lofty  lantern. 
This  last  feature  is  the  peculiar  glory  of  the  design.  The  small 
finials  which  terminate  the  Arab  domes  are  an  insignificant  and 
trivial  capping  for  the  structure  beneath.  The  Italian  recognized 
the  necessity  of  an  adequate  and  richly  decorative  feature  to 
gather  up  the  lines  of  the  eight  angle-ribs  of  the  exterior  dome, 
and  to  fitly  crown  its  imposing  mass.  Thenceforward  no  impor- 
tant dome  was  erected  in  Italy,  or  indeed  in  Europe,  without  this 
feature  until  within  a  comparatively  recent  period. 

But  the  problem  of  reconciling  the  conflict  between  the  de- 
mands of  external  and  internal  effect  was  not  solved.  Impressive 
as  the  Florentine  dome  is  by  its  vastness  and  height  internally, 
the  effect  it  produces  is  unsatisfactory.  It  is  too  high  and  too 
dark ;  it  overwhelms  and  crushes  the  interior  architecture  of  the 
nave  and  chapels  below.  The  low-curved  dome  of  Hagia  Sophia, 
which  is  but  107  feet  in  diameter,  and  only  180  feet  high,  is  far 
more  impressive.  Nor  is  the  exterior  of  Brunelleschi's  dome 
satisfactory.  Its  bareness,  heaviness  and  size  are  wholly  out  of 
scale  with  the  cathedral  to  which  it  was  added.  But  it  initiated  a 
series  of  experiments  in  dome-building  which  covered  Italy  with 
splendid  monuments.  The  dome  became  the  leading  feature  of 
Italian  Renaissance  church-design,  controlling  the  plan  almost  as 
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completely  as  did  the  vaulting  in  the  development  of  Gothic  archi- 
tecture. The  only  possible  principle  to  be  applied  to  the  problem 
was  finally  discovered  and,  during  the  seventeenth  and  eighteenth 
centuries,  was  universally  recognized.  It  is  the  domes  built  on 
this  principle  which  alone  redeem  a  majority  of  these  late  Italian 
churches  from  the  utter  badness  of  their  vulgar  details. 

This  principle  was  the  recognition  of  the  impossibility  of  meet- 
ing both  the  demands  of  the  problem  by  one  and  the  same  struc- 
ture. Accordingly  there  was  provided  for  interior  effect  a  dome 
of  moderate  height  and  low  curvature,  in  scale  with  the  treatment 
of  the  nave  and  choir,  and  not  too  lofty  to  be  reached  over  its 
whole  surface  by  the  direct  or  diffused  light  which  pervaded  the 
church.  Outside  and  above  this  rose  a  drum,  decorated  with  pilasters 
or  engaged  columns,  and  carrying  an  entirely  independent  external 
dome.  This  was  in  many  cases  of  wood  covered  with  lead  or  tile, 
and  bore  a  graceful  lantern,  also  of  wood.  Nearly  all  the  Italian 
churches  erected  subsequently  to  the  middle  of  the  sixteenth  cen- 
tury are  adorned  with  domes  on  this  plan. 

It  must  be  evident  that  once  the  principle  is  recognized  of  the 
separation  of  the  inner  and  outer  domes  it  becomes  difficult,  if  not 
impossible,  to  set  limits  to  that  separation.  The  two  surfaces  have 
become  independent  structures,  whose  form  and  design  are  con- 
trolled by  wholly  distinct  and  diverse  considerations.  The  inner 
dome  may  be  made  as  low  as  possible,  consistently  with  good 
architectural  effect.  The  outer  dome  may  be  lifted  a  hundred  or 
two  of  feet  higher  into  the  air,  in  order  the  better  to  clear  the  mass 
of  the  surrounding  structure  when  seen  in  perspective  from  below. 
The  two  domes  may  be,  and  generally  are,  of  different  materials. 
The  lower  one  may  be  of  masonry — a  true  hemispherical  or  domi- 
cal vault— r-the  upper  one  of  wood  or  iron,  serving  as  a  decorative 
roof  to  cover  and  protect  the  vault  below.  The  only  considera- 
tions which  control  both  alike  are  the  fact  that,  as  they  are  usually 
carried  upon  the  same  substructure  of  piers  and  arches,  they  must 
be  of  approximately  the  same  diameter;  and  that  they  naturally 
offer  to  view  the  same  architectural  style  and  scale  of  parts.  Be- 
yond this  there  is  no  closer  relation  between  them  than  that  be- 
tween  the  central  spire  or  lantern  of  a  Gothic  church  and  the  vault- 
ing beneath  it  over  the  crossing  of  nave  and  transepts.  The  one,  in 
each  case,  is  a  ceiling,  the  other  a  roof.  There  is  no  absolute  rea- 
son, in  logic  or  aesthetics,  why  both  should  have  similar  forms ;  and 
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the  French  Gothic  builders,  the  most  severely  logical  of  all  artistic 
builders  in  the  development  of  their  architectural  forms,  found  no 
contradiction  or  want  of  sense  whatever  in  putting  a  lofty  and  ta- 
pering spire  as  a  decorative  roof  over  the  vaulted  ceiling  of  the 
bell  chamber  in  a  church  tower,  nor  in  rearing  above  the  intersec- 
tion of  the  nave  and  transepts  a  lofty  square  or  octagonal  lantern, 
two  hundred  feet  high.  The  reproach  sometimes  cast  upon  the 
Renaissance  architects  of  the  complete  separation  of  the  outer  from 
the  inner  dome  in  the  later  examples  is  therefore  a  purely  abstract 
and  speculative  objection,  which  does  not  bear  the  test  of  careful 
examination  or  of  practical  and  artistic  considerations.  For,  since 
it  is  in  almost  all  cases — in  all  cases  of  long,  wide  or  complex  build- 
ings— impossible  to  make  a  dome  well-designed  for  interior  effect 
also  effective  externally,  and  since  the  external  accentuation  of  the 
very  important  space  or  rotunda  covered  by  the  inner  dome  is 
artistically  proper  and  even  imperative,  the  only  logical  course  is 
to  consider  the  two  requirements  independently.  The  use  of  a 
domical  form  for  the  outer  covering  is  a  matter  of  artistic  expe- 
diency, not  necessity. 

This  principle  seems,  indeed,  so  obvious  that  one  is  constrained 
to  wonder  at  the  tardiness  of  its  recognition  by  the  designers  of 
the  Renaissance.  Michael  Angelo,  in  the  middle  of  the  sixteenth 
century,  failed  to  realize  its  importance.  The  dome  of  St.  Peter's 
as  designed  by  him  is  far  too  lofty  internall3^  Externally  it  is  one 
of  the  most  original,  noble  and  stupendous  creations  of  architec- 
tural art  in  any  age.  Its  vast  size — 195  feet  in  diameter  over  all, 
through  the  bases  of  the  engaged  columns — its  fine  profile  and 
well  proportioned  lantern,  and  the  masterly  handling  of  scale  in 
its  various  parts,  all  reveal  the  work  of  genius.  But  the  inner  and 
outer  shell  are  too  close  to  each  other  for  the  best  internal  effect. 

It  was  the  French  architects  of  the  last  century  who  most  com- 
pletely developed  the  principle  outlined  above,  while,  at  the  same 
time,  they  attacked  the  difficult  problem  of  lighting  the  internal  dome 
so  as  to  give  effect  to  the  paintings  which  adorned  it.  This  was 
accomplished  by  a  device  of  great  ingenuity,  somewhat  theatrical 
perhaps,  but  very  successful.  An  intermediate  dome  was  intro- 
duced and  decorated  with  a  large  painting  in  the  upper  part.  The 
inner  dome  was  open  at  the  top,  the  opening  so  proportioned 
as  to  frame  the  painting  above  it  for  the  eye  of  the  spectator  on 
the  floor  far  below.    The  base  of  the  intermediate  dome  was  pierced 
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with  openings,  admitting  light  from  the  windows  in  the  drum  of 
the  exterior  or  upper  dome.  This  h'ght  reflected  upward  from 
the  convex  outer  surface  of  the  lower  dome  sufficed  to  light  up 
amply  the  picture  above,  which,  seen  from  the  floor,  appeared  as  if 
painted  on  the  inner  dome,  the  distance  between  the  surfaces  being 
so  foreshortened  as  to  be  hardly,  if  at  all,  perceptible. 

This  is  the  system  first  devised  by  Jules  Hardouin  Mansart  in 
the  Dome  des  Invalides,  Paris  (1680),  and  adopted  in  modified 
form  by  Soufflot  in  the  church  of  Ste.  Genevieve  (afterwards  called 
the  Pantheon)  in  1754.  The  dome  over  the  Rotunda  in  the  Capi- 
tol at  Washington  is  treated  in  the  same  way. 

The  lantern  presented  another  serious  difficulty.  When  the 
outer  dome  is  of  wood  it  becomes  necessary  to  make  the  lantern 
also  of  wood,  unless  some  means  be  found  of  supporting  the  heavy 
weight  of  a  stone  lantern  without  loading  it  upon  the  inner  dome. 
This  latter,  owing  to  its  relatively  low  curvature  and  the  great  height 
and  weight  of  the  intermediate  tower  required  to  reach  the  top  of 
the  outer  dome  before  the  lantern  itself  appears,  is  manifestly  ill 
adapted  to  sustain  the  lantern.  A  wooden  lantern,  even  treated  with 
the  elegance  which  characterizes  that  of  the  Invalides,  is  unsatis- 
factory ;  it  is  at  best  a  counterfeit  or  a  travesty  of  a  structure  in 
stone. 

The  first  solution  of  this  problem,  by  which  a  stone  lantern  was 
made  possible  without  regard  to  the  material  of  the  exterior  dome, 
was  that  devised  by  Sir  Christopher  Wren  in  St.  Paul's  Cathedral 
(1675-1710).  Here  a  cone  of  brickwork  rises  from  the  circle 
formed  by  the  meeting  of  the  eight  pendentives,  forms  a  contract- 
ing drum  for  the  inner  dome  which  it  supports  and  envelopes,  and 
rises  above  it  to  form  the  base  of  a  handsome  stone  lantern.  The 
wooden  exterior  dome  closes  around  the  top  of  the  cone  and  base 
of  the  lantern. 

The  difficulty  in  this  case,  aside  from  possible  objection  to 
the  inclined  conical-fustum  shape  of  the  inner  drum,  is  that  the 
stone  lantern  looks  as  if  it  were  carried  by  the  wooden  external 
dome  or  roof,  which  is  suggestive  of  an  impossibility  or  at  least 
an  absurdity.  In  the  Pantheon  at  Paris,  Soufflot  remedied  this 
by  making  the  outer  as  well  as  the  inner  shell  of  stone,  and 
substituting  for  Wren's  brick  cone  a  structure  of  parabolic  or 
ovoid  section,  also  of  stone,  enveloping  the  inner  shell,  which 
was  open  at  the  top,  and  closing  over  it  at  a  .considerable  height 
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with  a  domical  surface  on  which  was  the  painting,  lighted  through 
four  great  arches  cut  through  this  ovoid  structure.  The  height 
and  steep  curvature  of  the  latter  adapted  it  for  the  support  of  the 
lantern.  The  combined  weight  of  the  three  shells,  all  of  masonry 
beautifully  cut,  and  made  as  thin  and  light  as  possible,  is  neverthe-* 
less  enormous,  and  the  original  piers  began  to  yield  to  the  terrible 
strain,  by  splintering  and  cracking.  The  resulting  worry  and 
anxiety  probably  hastened  the  death  of  the  architect  in  178 1. 
Isabelle  strengthed  the  piers, enlarging  their  section, and  there  has 
been  no  trouble  since. 

III. 

So  far  we  have  briefly  considered  the  dome  as  a  true  vault  of 
stone  or  l>rick.  It  was  inevitable,  however,  that  the  architects  of 
the  Italian  and  later  of  the  French  Renaissance,  preoccupied  as 
they  were  with  beauty  of  form  rather  than  with  questions  of  struc- 
tural  logic,  should  in  time  enter  upon  a  path  leading  to  develop- 
ments in  which  appearances  alone  would  be  considered,  with  all 
the  resulting  temptation  to  sham  and  meretricious  display.  It  is 
a  principle  universally  observable  in  the  history  of  style  develop* 
ment»  that  forms  originating  in  structural  design,  come  in  time  to  be 
used  in  a  purely  decorative  way,  their  original  significance  being 
entirely  lost.  So  it  came  to  pass  with  the  dome.  Originating  as 
a  convenient,  economical  and  eflective  form  of  vaulting  in  ma- 
sonry, it  was  treated  by  the  architects  of  the  Renaissance  as  a  dec- 
orative ceiling,  valuable  for  the  sake  of  its  form  and  architectural 
eifect,  whether  built  as  a  vault  or  not.  With  the  extraordinary 
development  of  decoration  in  stucco  and  plaster,  which  marked  the 
sixteenth  century,  and  which  in  the  seventeenth  and  eighteenth 
degenerated  into  a  vulgar  abuse,  the  practice  crept  in  of  executing 
panelled  ceilings  in  lath  and  plaster,  and  then  of  imitating  vaulted 
ceilings  in  the  same  material  on  a  timber  framing.  It  was  the 
spread  of  carpentry  in  architecture  that  doubtless  led  to  the  adop- 
tion of  exterior  domes  or  shells  of  wood,  and  thus  made  possible  the 
wide  separation  of  the  two  shells  already  explained.  In  the  process 
of  time  the  inner  shell,  and  often  the  entire  "  vaulting"  (so  called) 
of  a  church  or  public  building  came  to  be  executed,  in  the  majority 
of  cases,  in  timber  and  plaster  instead  of  masonry.  This  cheap 
and  showy  style  of  construction  spread  through  Europe  and,  though 
it  never  quite  drove  out  true  vaulting,  it  prepared  the  way  for  the 
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iron-frame  construction  of  a  later  day.  It  was  the  experience 
gained  in  the  heavy  carpentry  of  big  roofs  and  of  the  trusses  re- 
quired for  plaster  ceilings,  vaults  or  domes  of  large  span  that  made 
possible  the  use  of  metal  trusses  when  iron  became  cheap  enough 
and  its  manipulation  sufficiently  advanced  to  permit  of  such  appli- 
cations. One  of  the  earliest  and  largest  of  metal  domes  was  that 
of  the  Cathedral  of  St.  Isaac's,  at  St.  Petersburgh  (1818-1858),  in 
which  the  framework  is  composed  of  sections  of  cast  iron.  But 
the  use  of  iron  for  domes  has  in  Europe  been  mainly  confined  to 
museums  and  exhibition  buildings,  while  those  for  monumental 
public  buildings  of  other  kinds  have,  for  the  most  part,  continued 
to  be  built  of  masonry. 

IV. 

The  United  States  inherited  the  structural  and  artistic  traditions 
of  Great  Britain,  where  lath  and  plaster  were  even  more  abused 
than  on  the  Continent.  The  forests  of  oak  and  pine  of  the  New 
World,  and  the  lack  of  roads  and  facilities  for  transporting  or 
handling  stone,  naturally  resulted  in  carrying  to  further  extremes 
the  substitution  of  wood  for  masonry  and  brick.  Until  the  colo- 
nies became  independent  there  was  little  opportunity  for  public 
secular  architecture ;  but  the  closing  decade  of  the  last  century 
witnessed  the  erection  of  one  monument  and  the  beginning  of  an- 
other^ which  were  destined  to  exercise  a  remarkable  influence  on 
our  public  architecture.  These  were  the  Massachusetts  State 
House  by  Bulfinch  and  the  National  Capitol,  in  which  Bulfinch 
had  at  least  a  share.  In  both  of  these  edifices  an  exterior  dome 
was  intended  to  form  the  chief  crowning  feature,  and  the  one  in 
Boston  was  executed  in  wood  at  an  early  date.  It  was  (and  still 
remains  in  its  original  form)  a  perfectly  smooth  and  somewhat 
lofty  cupola  with  a  lantern,  but  wholly  unrelated  to  the  interior  * 
plan  of  the  structure  it  crowned.  That  at  Washington  was  perhaps 
intended  to  be  of  stone ;  it  was  comparatively  low  and  covered 
the  circular  rotunda  which  has  always  formed  the  grand  vestibule 
of  the  Capitol.  With  the  extension  of  the  Capitol  by  the  north  and 
south  wings  a  more  monumental  central  feature  became  necessary 
externally  and  the  present  magnificent  dome  was  erected.  It  is,  in 
spite  of  its  counterfeiting  of  marble  by  a  sham  architecture  of  cast 
iron,  a  very  imposing  and  successful  creation,  so  far  as  its  design 
and  proportions  are  concerned;  but  one  cannot  help  regretting 
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the  necessity,  whether  structural  or  economic,  of  so  poor  a  material 
for  the  carrying  out  of  so  noble  a  design. 

Ever  since  the  inception  of  these  two  legislative  palaces  a  dome 
seems  to  have  been  considered  an  indispensable  feature  of  any 
and  every  State  House,  and  city  halls  and  court  houses,  custom 
houses  and  town  halls  have  been  erected  by  the  score  and  hun- 
dred, adorned  with  cupolas  and  domes  of  varying  degrees  of  excel- 
lence in  design.  The  majority,  indeed  almost  all,  have  been  built 
of  wood  or  iron.  A  true  masonry  dome  has  apparently  been 
beyond  the  abilities  of  our  architects  or  the  purses  of  the  cities  or 
States  which  have  employed  them,  or  both.  Wood,  lath  and 
plaster  are  perishable,  easily  become  shabby,  are  subject  to  decay 
and  in  constant  danger  from  fire ;  but  they  are  cheap  and  light, 
and  can  be  built  on  almost  any  plan  or  foundation  with  the  help 
o{  posts  and  trusses.  They  look  for  a  time  as  well  as  stone ;  the 
silhouette  is  just  as  effective ;  hence  the  vast  number  of  these 
cheap  but  attractive  shams.  There  are  a  few  exceptions.  The 
domes  over  the  rotundas  of  the  custom  h9uses  at  New  York  and 
Boston  are  true  vaults  of  granite,  designed  wholly  for  interior 
effect.  The  great  dome  of  the  Low  Library  is  a  genuine  vault  of 
brick  masonry,  of  the  most  solid  and  ingenious  construction.  The 
Connecticut  Capitol  at  Hartford  has  a  lofty  dome  of  white  marble 
gilded,  as  its  chief  exterior  adornment,  having  no  relation  what- 
ever to  the  exigencies  of  the  plan.  There  are  other  examples 
here  and  there  of  true  masonry  domes,  but  they  are  few  and  far 
between. 

Since  iron  has  become  so  cheap  in  the  United  States  it  has  be- 
gun to  drive  out  wood  in  framed  structures  of  any  importance. 
Comparatively  few  large  domes  have  been  erected  of  late  years 
otherwise  than  with  an  iron  framework,  finished  internally  with 
wire  lathing  and  plaster.  This  is  reasonably  fireproof  and  more 
durable  than  any  wooden  construction,  but  it  is  at  best  a  counter- 
feit; and,  though  such  counterfeits  always  have  been  and  always 
will  be  inevitable  features  of  the  history  of  architectural  develop- 
ment, one  cannot  help  regretting  that  they  should  so  frequently 
take  the  place  of  the  nobler,  if  more  expensive,  masonry.  For 
such  lofty  and  tower-like  decorative  cupolas  as  that  on  St.  Luke's 
Hospital  the  use  of  metal  is  more  tolerable.  What  is  really  to  be 
hoped  for  as  the  next  stage  of  evolution  is,  however,  the  develop- 
ment of  some  combination  of  metal  framework  with  fillings  of 
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terra-cotta,  brick  or  stone,  which  shall  in  its  style  of  design  more 
frankly  accord  with  the  character  of  the  materials  than  any  mere 
imitation  of  stone.  The  dome  of  St.  Augustin,  Paris,  is  con- 
structed of  such  a  combination,  and  is  fairly  successful.  It  is  pre- 
cisely the  same  principle  which  Mr.  Haighl  adopted  with  such 
happy  results  in  the  iron  and  terra-cotta  ceiling  of  the  present 
library  of  the  University.  There  are  great  artistic  possibilities  as 
yet  undeveloped  in  such  a  combination. 

V. 

The  great  dome  of  the  new  library  marks  another  stage  and 
another  branch  of  dome-design,  both  curious  and  interesting. 
From  the  point  of  view  of  construction  it  reveals  a  distinct  advance 
in  the  direction  of  sound  and  solid  building.  As  a  design  it  illus- 
trates the  rather  singular  and  sudden,  and  very  American,  popu- 
larity or  vogue  of  the  low-crowned  dome  as  an  external  feature. 
In  a  considerable  number  of  recent  buildings  the  effort  has  been 
made  to  secure  architectual  effectiveness  externally  with  a  dome 
of  low  curvature  fitted  to  the  interior  requirements.  The  begin- 
ning of  this  sudden  popularity  of  an  architectual  idea  which  is  as 
yet  far  from  complete  or  quite  satisfactory  development  can  be 
traced  to  the  Columbian  Exposition  of  1893.  There  it  appeared 
in  the  works  of  two  different  architects,  in  the  Art  Palace  of  Mr. 
Atwood  and  the  Agricultural  Hall  of  McKim,  Mead  and  White, 
besides  a  number  of  minor  buildings.  Its  prototype  is  evidently 
the  Roman  Pantheon,  whose  vast  hemispherical  vault  appears  ex- 
ternally as  a  low  dome  rising  but  slightly  above  three  encircling 
steps  which  serve  to  load  the  haunches  against  upward  buckling. 
This  dome,  however,  is  almost  invisible  from  the  square  in  front. 
The  modern  examples  are  given  a  higher  curvature  and  decorated 
with  ribs,  decorative  scales  or  tiles,  and  crowned  sometimes  with  a 
group  of  sculpture  or  a  rich  finial. 

The  obvious  drawback  to  this  treatment  is  its  ineffectiveness  at 
a  near  approach  and  its  inapplicability  to  cruciform  or  complex 
buildings,  whose  projections  inevitably  hide  from  view  any  but  a 
lofty  dome,  except  to  a  spectator  at  a  great  distance.  In  build- 
ings of  moderate  lateral  extension  or  of  moderate  relative  height 
the  objection  does  not  hold  to  the  same  degree.  The  new  library 
is  so  proportioned,  and  the  arms  of  the  cross  are  so  shallow,  that 
the  dome  will  come  in  view  to  the  spectator  at  a  comparatively 
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short  distance.  The  building  is  isolated  and  crowns  a  height,  so 
that  it  is  visible  for  miles  around ;  and  these  conditions  are  all 
favorable  to  the  best  effect  for  a  dome  of  this  character.  Inter- 
nally it  forms  a  monumental  and  imposing  ceiling  for  the  very  lofty 
reading  room.  Its  exterior  treatment  is  so  simple  as  to  suggest 
that  more  thought  was  given  to  its  effect  as  a  feature  in  the  sil- 
houette of  the  group  of  buildings  than  to  its  decorative  effect  at  a 
near  view.  Externally  it  dominates  and  gathers  together  the 
masses  of  the  edifice  and  by  its  swelling  curve  compensates  for 
the  somewhat  severe  simplicity  of  those  masses.  What  it  most 
lacks  as  a  decorative  feature — which  indeed,  as  I  have  just  said,  it 
seems  hardly  to  have  been  intended  primarily  to  be — is  the  accent 
and  interest  of  a  lantern.  But  a  lantern  is  a  very  difficult  thing  to 
treat,  if  not  to  construct,  on  so  low  curved  a  dome  ;  and  the  lack, 
if  it  be  a  defect,  this  dome  must  share  with  all  others  of  its  class. 


UNDULATIONS  IN  RAILWAY  TRACKS. 

By  p.  H.  DUDLEY. 

As  my  Track  Indicator  runs  over  the  road  at  20  miles  per  hour, 
under  the  6,500-lb.  wheel  loads  and  for  the  11 -foot  wheel  base  of 
the  special  6-wheel  truck,  both  rails  are  made  to  autographically 
indicate  their  own  condition  as  to  surface,  due.  to  the  rails,  ties, 
ballast,  road-bed  and  labor.  The  car  containing  the  Indicator  is 
58  feet  long  and  weighs  72,000  pounds. 

A  study  of  the  original  diagrams  of  the  track  from  various  roads 
taken  many  years  ago  indicated  at  once  that  the  undulations  in 
railway  tracks  under  moving  trains  were  of  two  kinds,  viz : 

1.  Those  which  were  due  to  the  permanent  set  of  the  rails. 

2.  The  deflections  of  the  rails  and  ties  and  the  depressions  of 
the  ballast  and  road-bed  until  the  total  resistance  equals  the  load. 

The  pernoanent  set  in  the  rails  was  studied  and  I  found  they 
could  be  classified  under  three  general  types  which  I  called  forms 
of  permanent  set. 

The  first  form  embraced  all  those  rails  which  were  low  at  the 
joints  and  high  at  the  center.  This  type  was  found  upon  rails  laid 
with  opposite  joints.     See  cuts  Nos.  i  and  36. 


I20 


THE  QUARTERLY. 


^   T;    ^-   ^-    ^-.    ■ 


^        ^  IJK,       --^ 


ai.ti-1 


1^      rA    TA    >^ 


/.     Ai      >^A      Ti 


■k.a.-i 


•  mlM  at  ■■•  at  ■■  MViMar  OTMB  at  1 


•>*IMI*.%< 


M  Ite  irfi  «•  te  •■*«  aarthM  < 


«i«Mlaaat*a 


ptta 


-•4  vi     <  J 


u    \h.     >     v\    VJL    A\   \yv    ^    vv     y      i\     vk 


I  «MtMl  ■««■«  MiMiMatf  «M  I 


rarAavaaaate 


Note. — In  the  reproduction  of  Cut  No.  7,  the  center  of  the  rail  has  raised ;  it  shouldl 
be  a  plane  surface  between  joints. 

The  second  form  of  permanent  set  embraced  all  those  rails  low  at 
the  joints  and  center  but  high  at  the  quarters.  This  type  was  found 
upon  rails  laid  with  alternate  joints ;  if,  however,  the  traffic  was 
heavy,  and  only  a  small  force  employed,  the  second  form  would  be 
soon  converted  into  the  first.     See  cuts  Nos.  2  and  37. 

The  third  form  was  due  to  a  series  of  minute  waves  in  the  sur- 
face of  the  rails. 

Combinations  of  the  first  and  third  forms,  and  of  the  second  and 
third  forms  were  frequent.  The  first  and  second  forms  of  set  were 
developed  in  the  track  by  service,  while  the  third  form  was  due  to- 
improper  finish  at  the  mills.     See  cut  No.  3. 

For  the  rails  to  take  a  set  in  the  track  it  was  very  evident  that 
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the  fibre  stresses  in  the  rails,  often  exceeded  the  elastic  limits  of  the 
steel.  This  was  in  1881,  and  as  a  rule  the  steel  rails  then  in  the 
track  were  the  first  used  by  the  roads ;  and  as  the  normal  condi- 
tion of  the  former  iron  rails  in  the  tracks  was  one  in  which  nearly 
all  of  the  rails  had  taken  a  set,  this  feature  in  the  steel  rails  excited 
very  little  comment  among  the  trackmen,  but  among  the  officials 
the  matter  received  more  serious  consideration. 

It  was  evident  that  the  standard  of  tracks  being  maintained 
was  too  low  for  the  increasing  traffic  of  the  roads. 

The  first  remedy  proposed  by  the  Railway  Companies  was  to 
increase  the  track  force  and  add  more  ballast  to  the  track. 

Short,  4-bolt  angle-splice  bars  were  being  adopted,  replacing 
the  common  fish  plates.  Railway  officials  had  watched  their  deflec- 
tions under  trial  engines  at  slow  speed,  and  concluded  that  the 
joints  did  not  deflect  any  more  than  the  center  of  the  rails. 

No  analysis  was  made  of  the  matter,  and  the  reason  for  like 
deflections  was  not  understood.  The  joint  ties  had  been  tamped, 
while  the  center  of  the  rail  was  high  and  loose  and  only  came  down 
to  the  ties  as  the  wheels  passed  over  it.  The  comparative  stiff- 
ness of  the  joints  with  the  center  of  the  rails  was  more  apparent 
than  real. 

The  general  length  of  the  rails  in  the  track  then  was  30  feet, 
as  now,  joined  and  held  together  by  a  number  of  kinds  of  joint 
iaslenings,  though  the  fish  bars  and  the  angle-splice  bars  were  the 
most  common. 

Chair  joints  and  bridge  joints  were  also  in  use.  There  was 
not  a  single  form  of  joint  fastening  wnich  would  hold  up  the  rail 
ends  without  constant  surfacing  and  attention.  The  joints  were 
down,  the  rails  had  taken  permanent  set  of  the  forms  already  de- 
scribed, while  the/eceiving  ends  of  the  rails  were  cut  out  in  double- 
track  roads.  The  track  and  road-bed  had  not  only  to  carry  the 
wheel  loads,  but  to  take  up  and  absorb  the  dynamic  effects,  which 
in  many  cases  were  greater  than  the  static  wheel  loads. 

The  joints  were  and  are  still  the  weakest  points  in  the  track, 
for  no  joint  fastening  has  yet  been  designed,  which  can  transmit 
the  horizontal  components  of  stress  from  one  rail  to  another  in 
distributing  the  wheel  loads,  consequently  there  is  an  increased 
transmission  of  pressure  to  the  ties  and  road-bed  at  the  joints  from 
any  passing  wheel. 

In  1 88 1  there  were  still  many  of  the  light  steel  rails  in  the  track 
which  originally  cost  120  to  140  dollars  per  ton  in  gold. 
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In  order  to  save  as  much  as  possible  in  the  first  cost  of  the  rails 
per  mile,  the  weights  per  yard  were  kept  as  low  as  they  consid- 
ered would  be  safe  for  the  traffic.  Sections  of  56  pounds  to  60 
pounds  per  yard  were  very  common  while  a  65 -pound  section  was 
considered  a  heavy  section,  67  pounds  being  the  heaviest  in  use 
and  that  by  only  one  road. 

The  height  of  sections  ranged  from  4  to  4^4  inches,  so  that  any 
form  of  fish  or  splice  bar  would  be  quite  weak,  and  it  is  not  strange 
that  the  trackmen  let  the  joints  go  down  and  the  rails  take  a  set. 

The  undulations  in  the  track  were  very  decided,  and  are  well 
shown  by  the  reduced  diagrams  shown  in  cut  No.  5,  though  these 
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Cut  No.  5,  showing  reductions  from  diagrams  taken  in  i88a.  On  the  lef(  hand  is  a 
representation  of  best  tracks  at  that  dale ;  and  on  the  right,  fair  track.  In  either  hand 
the  rails  were  loose ;  joints  low  on  the  right  hand.  See  Cut  No.  27  for  surface  of  rails 
and  joints  in  1894. 
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were  taken  in  1882.  It  was  clearly  seen  from  the  diagrams  that 
the  undulations  of  the  rails  per  mile,  as  well  as  the  smoothness  of 
the  surface  varied  much  per  mile,  and  it  was  desirable  to  have  a 
closer  estimate  of  the  amount  of  undulations  per  mile,  although 
these  could  not  be  estimated  from  the  diagram  except  by  an 
amount  of  labor  which  soon  became  impossible  to  devote  to  such 
work. 

The  summing-up  mechanism  which  I  had  designed  in  1880  was 
completed  for  the  fall  inspection  of  the  tracks  in  1881.  The  num- 
ber of  feet  of  undulation  per  mile  as  summed  up  by  the  instruments 
on  the  best  track  of  comparatively  new  rail  was  about  6  feet  per 
mile,  while  on  the  older  rails,  not  in  as  good  condition,  the 
amount  would  often  be  10  to  12  feet  per  mile. 

The  general  average  for  a  number  of  roads  was  about  8  feet  per 
mile.  None  of  the  tracks,  particularly  on  the  4-inch  rails,  had 
what  we  would  now  term  a  high  degree  of  stability,  for  they  re- 
quired constant  attention  to  keep  them  in  what  was  called  good 
condition.  The  labor  on  the  tracks  only  made  them  temporarily 
but  not  permanently  better. 

The  number  of  feet  of  undulation  per  mile,  as  summed  up  by 
the  instruments  for  each  line  of  rails,  was  tabulated,  and  the  mean 
taken.  As  had  previously  been  indicated  by  the  diagrams,  the 
variation  per  mile  was  very  marked.  At  first  the  railroads  only 
wished  to  know  the  total  for  the  road  and  the  average  per  mile, 
so  a  comparison  could  be  made  with  the  standard  of  track  of 
other  roads. 

This  was  far  too  general  for  detailed  work,  for  it  was  impor- 
tant to  know  why  some  miles  were  better  than  the  average,  in 
order  to  direct  the  work  so  as  to  raise  the  general  average. 

The  mass  of  figures  for  a  road  could  not  be  carried  well  in  the 
mind  ;  so  I  designed  the  condensed  diagrams  which  would  not  only 
show  graphically  the  general  condition  of  the  road  at  a  glance,  but 
the  details  per  mile.     See  cut  No.  38. 

The  condensed  diagrams  for  1881  were  very  striking,  and  for 
those  miles  on  the  heavy  gradients  and  others  which  exhibited  the 
greatest  amount  of  undulations,  the  Railroad  Companies  thought 
by  putting  more  labor  on  them  they  might  be  made  equal  to  the 
best. 

In  the  meantime,  in  order  to  make  the  work  as  p:acticable  as 
possible  for  the  Department  of  Maintenance  of  Way,  in  1882,  the 
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"  Markers "  were  added  for 
ejecting  paint  on  the  rails 
when  the  deflections  ex- 
ceeded ^  of  an  inch.  This 
was  very  convincing,  and 
left  little  doubt  in  the  minds 
of  many  officials  that  the 
deflections  of  the  rails  in  the 
track  were  greater  than  they 
had  anticipated. 

The  rails  were  marked  so 
that  the  officials  and  track- 
men could  see  where  the 
deflections  occurred  under 
trains,  which  was  not  only 
a  great  educator  to  them, 
but  directed  the  work  to  the  I 

places  needing  most  atten-  ^ 

tion.      The     diagrams     lor  "5 

1882  repeated  all  the  strik-  i 

ing  characteristics  of  those  ,"3 

for  1881 ;  not  an  important  3 

curve  per  mile  on  the  con-  § 

densed  diagrams  had  been  h 

reversed  unless  new  rails  had  | 

been  laid.    The  rails  which  •i 

were  rough  on  the  surface  5 

had  not  and  could  not  im-  g. 

prove   after  another   years'  ■§ 

service;  joints  which  were  ^ 

down  the  year  before  were  ". 

still  down,  and  little,  if  any,  ^ 

permanent  improvement  had  ^ 

been  made.  * 

The   dynamic    effects   of  w 

the  wheel  loads  of  the  in- 
creasing traffic  were  too 
great  for  the  track  to  im- 
prove, and  some  railway 
officials   accepted  the    fact 
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that  the  rails  were  not  stiff  enough  for  the  service,  and  after  study- 
ing the  diagrams  for  several  thousand  miles  of  track  I  designed 
the  5- inch  80-pound  steel  rail  for  the  New  York  Central  and  Hud- 
son River  Railroad  in  April,  1883.  With  23  per  cent,  more  metal 
than  was  in  their  4^-inch  65-pound  rail,  I  increased  the  stiffness 
66  per  cent.  The  rail  was  rolled  and  put  into  service  in  1884. 
This  was  the  first  5-inch  steel  rail  put  into  service  in  the  United 
States. 

Having  noted  the  wear  of  the  steel  on  all  types  of  the  heads  of 
rails  in  the  tracks,  I  made  a  broad  head  for  stability  and  wear  and 
a  thinner  head  than  usual  for  effective  rolling,  and  balancing  the 
section  for  better  hot-bed  treatment.  This  type  of  head  has  since 
become  the  prevailing  type  for  modern  vignole  sections.  The 
5-inch  80-pound  rail  once  in  the  track  demonstrated  the  great  value 
of  stiffness  in  maintenance  of  way,  and  was  followed  by  a  number 
of  sections  of  5-inch  80  and  85-pound  rails,  by  the  leading  railroad 
companies  of  this  country. 

The  undulations  in  the  track  reduced  to  about  four  feet  per 
mile  on  the  first  5-inch  80-pound  rails.  The  5-inch  80-pound 
rails  were  all  straightened  at  the  mills  on  narrow- spaced  supports 
used  for  much  lighter  rails,  and  were  indented.. by.thc  gag  wherever 
applied,  giving  the  surface  a  series  of  minute  waves,  the  third  form 
of  permanent  set,  which  makes  from  one  to  one  and  a  half  feet  of 
the  total  sum  of  undulations  found  upon  these  rails  per  mile. 

These  rails  never  received  proper  hot-bed  treatment,  and  the 
undulations  in  the  surface  increased  the  dynamic  effects  of  the 
wheel  loads,  cutting  out  the  ties,  disturbing  the  ballast,  beside 
giving  a  very  unpleasant  tremor  to  the  cars  when  passing  over 
them. 

In  1883,  after  I  had  designed  the  5 -inch  80-pound  rail,  but 
before  any  were  rolled  and  in  the  track,  I  calculated  what  I 
considered  the  possible  condition  of  track  for  such  rails  would  be 
when  finished  smooth,  and  put  it  on  the  condensed  diagrams  for 
that  year.  The  results  seemed  so  impossible  that  I  was  probably 
the  only  one  for  many  years  who  expected  to  see  them  realized. 
Already  they  have  been  obtained  on  many  railroads  using  rails 
of  about  the  same  type  and  stiffness  for  which  the  estimates  were 
made,  while  with  my  stiffer  sections  still  belter  results  are  ob- 
tained, as  would  be  expected. 

The  value  of   stiffness   in  rails,  in  connection  with   sufficient 
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bearing  surfaces  for  the  wheel  pressures  and  stability  in  reducing 
the  undulations  in  the  track,  was  shown  to  be  so  important  by  the 
first  8o-pound  rails  in  maintenance  of  way  that  in  1890,  when 
designing  my  recent  series  of  rail  sections,  I  increased  their  stiffness 
per  pound  of  metal,  making  them  stiffer  than  any  vignole  sections 
which  have  been  rolled  in  this  country.  They  all  have  broad 
heads,  which  are  essential  during  manufacture  and  subsequent  ser- 
vice for  smooth  tracks  and  a  high  degree  of  stability. 

A  round,  narrow-neaded  rail  rolls  out  gradually  on  the  ties, 
widening  the  gauge  of  track,  not  being  held  in  position  by  the 
wheel  treads  and  wears  rough. 

The  wheel  treads  on  broad-headed  rails  reverse  the  case  of  the 
boy  trying  to  lift  himself  by  his  boot  straps  and  hold  the  rails 
in  their  vertical  position  on  the  ties,  increasing  their  stability. 

One  of  the  strong  objections  urged  against  the  introduction 
of  higher  and  stiffer  rails,  "  was  the  supposed  increased  ten- 
dency to  roll  out  in  the  track."  XVith  properly  designed  heads  the 
higher  rails  have  been  held  in  gauge  much  better  than  the  former 
low  rails. 

I  am  now  able  to  state  quite  definitely  for  each  of  my  sections, 
according  to  their  stiffness  and  traffic  for  which  they  are  suited, 
the  lower  range  of  undulations  per  mile  to  which  they  may  be  re- 
duced or  maintained  in  the  track,  as  shown  by  my  track  indicator. 

For  heavy  branch-line  traffic  the  45/^-inch  65-pound  section,  the 
undulations  run  down  to  4  feet  and  6  inches  per  mile,  or  the  31st 
line  on  the  condensed  diagrams.  For  the  same  kind  of  traffic  the 
5  J^-inch  70-pound  rails,  3  feet  and  6  inches,  or  the  24th  line  on  the 
condensed  diagrams.  The  5-inch  75-pound  rails,  heavy  traffic  3 
feet  per  mile,  or  the  21st  line  on  the  condensed  diagrams.  The 
5  J^-inch  80-pound  rails,  three  tie  joints,  under  express  trains  50 
to  75  miles  per  hour,  2  feet  6  inches  to  2  feet  9  inches  per  mile. 
The  1 8th  line  on  the  diagrams  is  taken  as  the  standard.  This 
section  has  an  unexceptionable  stability  for  the  weight  per  yard. 
.  The  6-inch  100-pound  rails,  three  tie  joints,  the  undulations 
run  down  to  i  foot  and  6  inches  to  2  feet  per  mile.  As  an  all 
year  round  condition  of  track  the  stability  being  very  high. 

The  figures  given  for  the  undulations  per  mile  for  each  section 
are  for  rails  without  either  the  first  or  second  form  of  permanent 
set  in  the  track,  the  rails  appearing  in  surface  to  the  eye  when  not 
under  trains. 
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I  have  designated  such  rails  as  the  fourth  or  proper  form  rep- 
resenting the  best  condition  of  track  for  they  are  in  perfect  surface 
to  the  eye.  (See  cut  No.  7.)  The  undulations  which  remain  in 
the  tracks  under  the  figures  given  for  each  section  are  individually 
so  minute  at  present  they  cannot  be  further  reduced  by  the  skilled 
trackmen. 

The  importance  of  knowing  how  low  the  undulations  may  be 
reduced  in  the  track  for  each  section  of  rail  cannot  be  over  esti- 
mated, for  knowing  what  to  expect,  if  not  attained  the  reason 
why  can  be  traced. 

Each  section  of  rail,  like  a  locomotive  of  a  certain  class  can 
only  render  a  specific  duty  or  permit  a  certain  standard  of  track 
to  be  attained,  for  the  deflections  of  the  track  decrease  as  the 
stiffness  of  the  rails  increases. 

The  weight  of  the  locomotives  and  cars  can  only  be  transmitted 
to  the  rails  through  the  wheel  contacts,  which  produces  a  wave  of 
general  depression  of  the  rails  under  the  wheel  base  of  the  locomo- 
tive and  cars,  the  greatest  depressions  and  most  intense  waves  of 
J  pressure  being  directly  under  the  wheels. 

To  distribute  the  wheel  loads  to  the  ties,  ballast  and  road-bed, 
the  stresses  of  the  metal  in  the  rails  under  the  wheels  of  the  loco- 
motives and  cars  become  two  kinds,  viz. :  compression  in  the  head 
and  tension  in  the  base ;  while  between  the  wheels  the  stresses  are 
reversed,  the  head  being  in  tension  and  the  base  in  compression, 
the  stresses  reversing  as  each  wheel  passes  over  the  rails ;  there- 
fore only  the  ties  in  the  general  depression  of  the  locomotive  or 
cars  are  transmitting  pressure  to  the  ballast  at  the  same  time,  while 
in  the  center  of  the  space  between  the  trucks  the  rails  are  not  only 
relieved  of  pressure,  but  rise.  The  waves  of  pressure  and  relief 
may  occur  many  times  per  second  according  to  speed  and  length 
of  train.     See  cut  No.  30. 

We  can  approximate  the  fibre  stresses  in  rails  in  the  track 
under  static  loads  by  placing  a  locomotive  on  them  and  measuring 
the  elongation  or  compression  per  inch  of  the  metal  under  stress. 
On  43.2 -inch  rails,  16  ties  per  rail,  a  locomotive  carrying  20,000 
pounds  per  driver  will  show  tension  stresses  under  the  drivers  of 
12,000  to  16,000  pounds  per  square  inch,  while  those  of  compres- 
sion between  the  wheels  are  usually  about  one-half  to  two-thirds 
•  as  much.  The  figures  are  not  uniform  per  rail  length  owing  to 
unequal  bearing  of  the  ties.  • 
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On  stiflFer  5-inch  rails  the  fibre  stresses  reduce  to  5,000  pounds 
to  8,000  pounds  in  tension,  and  4,000  pounds  to  6,000  pounds  in 
compression. 

On  the  6-inch  100-pound  rails  the  highest  in  tension  so  far 
obtained  are  4,000  pounds,  and  3,000  pounds  in  compression. 

These  figures  are,  of  course,  only  approximations  under  a  given 
wheel  bare  of  8  feet  and  6  inches  for  static  loads.  A  shorter  or 
longer  wheel  bare  will  give  different  results.  Under  moving  loads 
they  would  be  much  higher,  or  for  a  poor  condition  of  track. 
These  figures  of  the  stresses  indicate  that  the  dynamic  effects  from 
the  wheel  loads  cannot  become  proportionaly  as  great  on  the  stiffer 
rails  as  on  the  weaker  rails,  and  this  is  shown  by  the  experience 
of  the  past  15  years.  While  the  wheel  loads  have  all  increased — 
that  of  the  freight  car  having  been  trebled — the  undulations  in  the 
track,  by  stiffer  rails,  have  been  reduced  to  one-third  of  their  former 
amount 

The  dynamic  effects  from  the  wheel  loads  have  been  reduced  in 
a  greater  ratio,  so  that  the  combined  static  and  dynamic  effects 
of  the  heavier  wheel  loads  as  distributed  through  the  stiffer  rails 
per  tie  to  the  ballast  and  road-bed,  are  less  than  was  the  combined 
static  and  dynamic  effects  of  the  lighter,  wheel  loads:  as  distributed 
by  the  lighter  rails  per  tie  to  the  ballast  and  road-bed. 

An  unnecessary  destructive  force  has  been  prevented  from  being 
generated  and  a  great  saving  made  in  the  cost  of  maintenance  of 
way. 

As  may  be  inferred  from  cut  No.  30  every  tie  underneath  the 
lighter  rails  received  its  weight  to  distribute  more  in  the  nature  of 
suddenly  applied  loads  than  gradual  loads  and  its  abrasion  under 
the  rails  was  very  rapid. 

As  the  cost  of  ties  is  now  much  greater  than  the  cost  of  rail  re- 
newals, the  saving  in  expense  for  ties  will  be  quite  an  item  in  pay- 
ing for  stiffer  rails. 

Treated  ties  can  now  be  used  under  the  stiffer  rails  since  the 
abrasion  has  been  so  much  reduced. 

The  original  diagrams  on  many  tracks  are  quite  smooth,  being 
nearly  straight  lines  on  the  heavy  sections.^    (See  cut  27.) 

The  diflRculties  of  making  rails  increase  rapidly  as  the  sections 
increase  in  weight  over  60  pounds,  the  composition  and  entire 
manufacture  requiring  special  attention. 

The  hot-bed  treatment  becomes  very  important,  so  they  will  cool 
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as  nearly  straight  as  possible,  requiring  but  a  little  work  under  the 
straightening  presses  and  be  fairly  smooth,  and  not  filled  with  little 
waves  by  heavy  gagging. 

Cuts  Nos.  28  and  29  show  sections  of  a  "  Hot-bed  "  and  the 
cooling  of  two  types  of  rails. 

In  the  manufacture  of  rails,  after  they  come  from  the  **  Hot- 
saws"  and  still  white  hot,  they  must  be  cambered,  curving  the 
head  around  the  base  so  they  will  theoretically  cool  straight;  then 
they  go  to  the  "  Hot-beds  "  for  cooling,  where  remarkable  phe- 
nomena take  place.  In  four  or  five  minutes  after  the  rails  reach 
the  hot-bed  the  base  of  the  rail  lessens  its  rate  of  cooling,  straight-  • 
ens  the  rail,  and  then,  in  two  or  three  minutes  more,  has  curved 
slightly  around  the  head,  recalescence  of  the  base.  Then  the  re- 
calescence  of  the  head  begins,  restraightens  the  rail  and  continues 
curving  the  head  around  the  base  more  than  the  original  camber. 

In  about  twenty-five  to  thirty  minutes  the  gradual  cooling  com- 
mences to  straighten  the  rail  for  the  third  time,  which  is  practically 
complete  in  about  forty  to  forty-five  minutes. 

The  many  movements  of  the  rails  while  cooling,  the  friction  on 
the  rails  of  the  hot-bed,  render  it  impossible  to  cool  the  rails  per- 
fectly straight  and  smooth ;  they  must  still  be  straightened  when 
cool  under  presses.  To  straighten  the  rails  in  the  present  presses, 
several  blows  are  given  the  rail,  and  each  must  put  a  permanent 
set  in  the  rail  to  be  effective  and  show  more  or  less  afterward  in 
the  track. 

Balancing  the  metal  between  the  head  and  base,  as  it  is  in  my 
sections,  lessens  the  amount  of  camber  required  on  the  hot-bed, 
the  rails  come  out  straighter,  which  lessens  also  the  amount  of 
work  required  under  the  straightening  presses.  I  have  also 
widened  the  supports  under  the  presses,  the  gags  indenting  the 
rails  much  less  than  on  the  short-spanned  supports  formerly  used ; 
and  the  rails  came  out  smoother,  with  a  better  surface  than  is  pos- 
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sible  to  obtain  on  unbalanced  sections.  The  matters  illustrated  in 
cuts  Nos.  28  and  29  will  serve  to  show  that  the  cooling  and 
straightening  of  rails  is  a  very  difficult  matter,  and  unless  great 
care  and  attention  are  given  to  the  rails  during  those  processes  the 
effects  will  appear  when  the  rails  are  under  traffic  in  the  track,  and 
become  worse  by  service. 

The  center  ordinates  for  60-foot  rails  when  cambered  are  four 
to  five  times  that  shown  in  the  cuts  for  30-foot  rails,  and  for  the 
long  rails  to  go  through  all  the  movements  in  cooling  on  the  hot- 
beds and  come  out  fairly  straight  is  an  impossibility  by  present 
methods;  besides,  the  long  rails  intensify  the  difficulties  of  straigh- 
ening  in  a  very  marked  degree,  the  practical  results  being  that  the 
45-  and  60-foot  rails  have  not  finished  as  smooth  as  the  30-foot 
lengths.  The  work  must  be  improved,  for  60-foot  rails  will  be 
largely  used  in  the  future.  Better  methods  for  cooling  and  straight- 
ening all  lengths  of  rails  are  desired,  for  the  trackmen  are  now 
so  skilled  that  they  could  surface  perfect  rails  to  true  planes. 

One  of  the  great  objects  to  be  obtained  in  permanent  way  con- 
struction by  the  use  of  stiffer  and  smoother  rails  is,  to  prevent  the 
dynamic  effects  of  the  moving  wheel  loads  of  "either  the  locomo- 
tives or  cars  from  reaching  much  magnitude,  for  the  effects  of  the 
static  loads,  combined  with  the  dynamic  effects,  when  finally  dis- 
tributed to  the  road-bed,  should  always  be  less  than  its  elasticity  ; 
otherwise  the  track  cannot  acquire  any  high  degree  of  stability, 
nor  be  most  economically  maintained.  The  5  and  6-inch  rails  are 
double  and  treble  the  stiffness  of  the  4j^-inch  rails,  with  much 
wider  bearing  surface  for  the  wheels,  and  as  would  be  expected, 
the  diagrams  show  that  the  waves  of  pressure  from  the  wheel 
loads  must  have  been  distributed  over  a  much  greater  area  of  the 
road-bed,  reducing  their  intensity  to  a  factor  more  easily  carried 
by  the  elasticity  of  the  road-bed ;  which,  although  a  very  limited 
quantity,  is  a  fundamental  principle  of  maintenance  of  way.  It 
has  directly  received  too  little  attention,  for  many  railroad  people 
still  treat  the  road-bed  as  though  it  were  wholly  an  inelastic  body^ 
and  permit  the  waves  of  pressure  transmitted  to  it  to  be  far  in 
excess  of  its  elasticity,  and  deformation  takes  place,  which  must 
be  repaired  at  least  by  surfacing. 

The  elasticity  of  the  road-bed  is  not  likely  to  be  uniform  per 
mile  for  the  entire  road ;  some  portions  will  take  up  and  carry 
3,000  pounds  per  square  foot  without  injury,  while  other  portions, 
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being  more  plastic,  will  not  carry  2,000  pounds  without  set  and 
deformation. 

The  drainage  of  the  road-bed  must  be  very  efficient  at  all  times, 
as  a  reduction  of  a  few  per  cent,  of  moisture  increases  the'  plas- 
ticity and  decreases  the  elasticity.  The  ballast  under  the  ties 
when  dry  and  of  good  quality  is  supposed  to  reduce  the  pressure 
from  the  tie  to  the  road-bed,  inversely  as  its  depth.  I  think  the 
estimate  too  high  for  general  practice,  and  have  shown  the  waves 
of  pressure  transmitted  from  the  ties  through  the  ballast  to  the 
road-bed  as  less  in  cut  No.  30. 

The  condensed  diagrams  of  a  portion  of  the  track  on  the  Hud- 
son division  of  the  N.  Y.  C.  &  H.  R.  R.  R.,  for  1895  and  1891, 
will  convey  a  very  definite  idea  of  the  reduction  of  the  undulations 
in  some  tracks  during  the  past  15  years.  In  1 881  when  the  first 
condensed  diagrams  of  the  condition  of  the  track  were  made,  4  and 
4j4-inch  65 -pound  rails  being  in  the  track,  the  "condition  of 
track  on  the  diagrams  ranged  from  the  SOth  to  the  60th  line. 

The  undulations  of  the  rails  on  the  original  diagrams  are  fairly 
shown  by  the  right  half  of  cut  No.  5. 

In  1884  the  first  5-inch  80-pound  rail  was  put  into  service,  and 
by  1 89 1  the  undulations  in  the  track  had  been  reduced  one-half, 
which  more  than  doubled  the  stability  of  the  track. 

The  diagrams  for  1895  show  the  greatest  improvement  of  any 
yet  obtained,  and  they  are  compared  with  those  of  1891,  instead 
of  1 894,  as  those  dates  afford  the  most  valuable  comparisons  be- 
tween  the  stability  of  the  track  of  diflferent  sections  of  rails ;  also 
comparisons  between  suspended  joints  and  three  tie-supported 
joints. 

On  the  Hudson  Division,  in  the  diagrams  for  1891,  from  New 
York  to  Mott  Haven,  the  first  S-inch  8opound  rails  laid  in  1884, 
were  still  in  service.  They  were  laid  with  22-inch  splice  bars, 
suspended  joints,  and  replaced  by  lOO-pound  rails,  in  1892. 

From  Spuyten  Duyvil  to  Peekskill  the  S-inch  80-pound  rails 
were  laid  in  1886  and  1887,  with  22-inch  splice  bars,  suspended 
joints  and  were  replaced  by  100-pound  rails  in  1894.  The  con- 
dition of  the  track  in  1891  on  the  80-pound  rails  averaged  some 
8  lines  higher  than  the  track  from  Peekskill  to  Albany,  laid  with 
the  5-inch  80-pound  rails  and  Col.  Katte's  three  tie-supported 
joint. 

From  the  condensed  diagrams  it  will  be  seen  that  from  Peeks- 
voL.  xviii. — 10. 
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kill  to  Albany  the  track  has  been  maintained  under  its  heavy 
traffic,  practically  on  the  same  lines  for  four  years — a  result  not 
probable  with  suspended  joints.^ 

The  lOO-pound  rail  shows  the  highest  possible  condition,  the 
undulations  being  reduced  to  the  lowest  limit  which  the  trackmen 
can  take  up  in  surfacing,  the  original  diagrams  showing  like  Fig. 
No.  27.    The  icx)-pound  rail  makes  "  Permanent  Way." 

On  the  condensed  diagrams  the  "  Condition  of  Track  Line  "  for 
each  inspection  represents  the  average  sum  of  aU  the  various 
undulations  of  the  rails  per  mile,  as  mechanically  summed  up  by 
the  inspection  apparatus  into  feet  and  inches  per  mile. 

To  plot  the  sum  of  the  undulations  on  the  diagrams,  the  num- 
ber of  feet  and  inches  per  mile  are  reduced  to  inches  and  divided 
by  176,  the  number  of  30- foot  rails  per  mile,  which  gives  the 
average  undulations  per  rail  per  mile  in  hundredths  of  an  inch. 
Each  horizontal  line  on  the  diagrams  represents  one-hundredth  of 
an  inch  ;  therefore  as  many  above  the  base  line  are  taken  as  the 
average  hundredths  of  an  inch  of  undulation  per  mile.  The  re- 
sults for  each  track  are  relative  to  the  base  line,  yet  are  compara- 
tive one  mile  with  another. 

The  average  condition  of  each  mile  is  indicated  from  the  hori- 
zontal line  crossed  or  touched  by  the  condition  of  track  line  in  the 
center  of  the  space  for  the  mile. 

The  space  between  the  vertical  lines  represents  one  mile  of 
track. 

Lines  marked  '*  Age  of  Steel "  for  each  mile  give  its  length  of 
service,  each  horizontal  line  representing  one  year. 

Lines  marked  "  Percentage  of  Tangent  and  Curve "  show  the 
approximate  alignment  of  both  tracks  per  mile.  The  percentage 
of  tangent  is  marked  on  the  left  side  of  the  space  for  the  mile,  and 
that  of  the  curvature  on  the  right  side.  Each  horizontal  line  rep- 
resents 10  per  cent,  for  the  mile. 

Lines  marked  "  Profile  "  show  the  gradients  of  the  road  and  are 
common  to  both  tracks,  though  ascending  grades  on  one  track  are 
descending  upon  the  other  and  vice  versa.  Each  horizontal  line 
represents  10  feet  of  elevation  and  refers  to  the  Base  Line  for 
track  No.  I  in  all  cases. 


*The  condensed  diagrams  of  the  Hudson  Division  are  only  reproduced  for  15 
miles  above  Peekskill,  on  the  5-inch  80-pound  rails.  The  balance  of  the  distance  to 
Albany  is  identical  with  that  shown  above  Peekskill. 
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"Gauge  of  Track."  Not  a  mile  of  track  from  New  York  to 
Buffalo,  and  return,  was  found  one-tenth  of  an  inch  out  of  gauge, 
which  eliminates  that  line  from  the  diagrams. 

"Side  Irregularities  of  the  Rails."  This  was  reduced  to  the 
lowest  possible  limits  and  is  omitted  from  the  diagrams. 

That  not  a  mile  of  track  was  found  out  of  gauge  is  a  matter  of 
great  significance,  for  it  shows,  aside  from  the  care  which  the 
track  has  received,  that  the  stability  of  the  broad-headed  high 
rails  is  proportionally  much  greater,  as  was  designed,  than  that  of 
the  low  round-headed  rails,  and  further  that  the  larger  locomotives, 
with  high  "  center  of  gravity,'*  are  easier  sidewise  on  the  track 
than  the  older  locomotives  with  low  **  center  of  gravity."* 


THE  OIL  MACHINE-t 

By  GEORGE  RICHMOND. 

Probably  ten  thousand  oil  engines  are  at  the  present  moment 
in  operation  in  all  parts  of  the  world.  This  number  is  relatively 
very  small  and  in  explanation  it  must  be  remembered  that  the  oil 
engine  is  practically  a  production  of  the  present  decade.  More- 
over the  only  suitable  cycle  was  controlled  by  the  owners  of  the 
"  Otto "  patents,  who  had  no  particular  incentive  to  develop  the 
oil  engine.  Apart  from  these  facts  the  difficulties  inherent  in  the 
use  of  oil  were  considerable,  and  the  explosive  engine  could  not  be 
utilized  until  it  had  freed  itself  from  certain  limiting  conditions. 

This  very  quality  of  youthfulness  should  commend  the  oil 
engine  to  the  favorable  consideration  of  this  Society.  While  dis- 
claiming all  pretension  that  the  internal-combustion  engine  is 
destined  to  supplant  the  steam  engine,  it  is  very  apparent  that  it 
will  claim  a  large  share  of  attention  in  the  future.  Now  with  the 
splendid  facilities  which  you  will  have  in  the  new  University  build- 
ings, you  will,  no  doubt,  do  very  excellent  work  on  the  steam  engine. 
The  results  will  be  almost  entirely  educational.     You  will  do  what 

*The  numbers  of  the  cuts  are  the  same  as  those  on  the  series  of  Condensed  Dia- 
grams. 

f  One  of  a  course  of  lectures  delivered  to  the  students  of  the  Schools  of  Mines  and 
EDgineering,  Columbia  University,  under  the  auspices  of  the  Engineering  Society. 
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some  one  else  has  done — nearly — as  well,  and  you  can  hardly  ex- 
pect to  see  records  of  your  work  outside  of  your  transactions.  But 
the  same  care  and  diligence  devoted  to  the  oil  engine  could  easily 
produce  results  which,  while  affording  equally  valuable  training  to 
the  investigators,  would,  in  the  present  dearth  of  data,  cause  the 
Columbia  University  to  be  quoted  in  all  the  text-books  for  the  next 
twenty  years  at  least.  You  will  see  that  in  the  hope  of  securing 
your  interest  in  my  subject  I  do  not  hesitate  to  appeal  to  your 
pride  in  the  Alma  Mater. 

It  may  interest  you  to  know  that  while  the  oil  engine  has  been 
developed  abroad,  the  first  engine  which  attained  any  degree  of 
success  was  the  Invention  of  an  American.  Mr.  Brayton,  of  Phila- 
delphia, brought  out  his  engine  in  1873,  and  it  was  manufactured 
by  the  New  York  and  New  Jersey  Ready-Motor  Company. 

In  this  engine  there  are  two  cylinders,  one  being  a  compressing 
pump  and  the  other  a  motor.  The  charge  of  air  is  drawn  into  the 
pump  on  the  out-stroke  and  compressed  on  the  return  into  a  re- 
ceiver; the  pressure  usual  in  the  receiver  varies  from  60  to  So 
pounds  per  square  inch  above  atmosphere.  The  motor  cylinder 
takes  its  supply  from  the  receiver,  but  the  mixture  is  ignited  as  it 
enters,  a  grating  arrangement  preventing  the  return  of  the  flame. 
Against  this  grating  the  oil  was  sprayed.  The  mixture,  in  fact^ 
does  not  enter  the  motor  cylinder  at  all ;  what  enters  it  is  a  con- 
tinuous flame.  At  a  certain  point  the  supply  of  flame  is  cut-off* 
and  the  piston,  moving  on  to  the  end  of  its  stroke,  expands  the 
volume  of  hot  gases  to  nearly  atmospheric  pressure  before  dis- 
charge. This  engine  worked  fairly  well,  although  its  cycle  is  now 
obsolete,  and  its  withdrawal  from  the  market  was  chiefly  due  ta 
the  rapidity  with  which  its  cylinder  sooted  up. 

For  a  long  time  the  pilot  flame  method  of  ignition  was  exclu- 
sively used  for  igniting  the  charge  in  explosive  engines,  and  while 
this  practice  lasted  a  successful  oil  engine  was  practically  an  im- 
possibility. With  the  introduction  of  the  hot-tube  method  and 
the  revival  of  electric  ignition,  the  use  of  oil  became  feasible,  and 
accordingly  the  Priestman  oil  engine  was  brought  out  in  1888^ 
This  engine  was  exhibited  at  the  Royal  Agricultural  Show  in  1889 
and  created  a  very  great  interest  among  engineers,  who  immedi- 
ately recognized  its  importcnce  as  a  substitute  for  steam,  especially 
on  the  farm,  and  for  country  houses,  where  gas  is  unobtainable. 
An  immense  impetus  was  given  to  the  industry,  and  on  the  next 
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occasion  of  testing  oil  engines  by  the  same  Society,  in  1894,  no 
less  than  eight  different  oil  engines  were  presented  and  all  the 
honors  were  carried  off  by  a  new  comer,  namely,  the  **  Hornsby- 
Akroyd."  The  oil  engine  was  not  regarded  as  a  rival  of  the  gas 
engine,  but  rather  as  extending  the  field  of  usefulness  of  explosive 
engines.  That  it  should  turn  out  to  be  a  rather  formidable  rival  of  the 
gas  engine  is  due  to  the  fact  that  the  fuel  necessary  to  run  it  costs 
about  half  that  of  the  corresponding  amount  of  illuminating  gas. 
Asa  heat  engine  the  oil  engine  enjoys — next  to  the  gas  engine 
{and  following  closely  on  its  heels) — the  distinction  of  converting 
into  work  a  greater  percentage  of  heat  supplied  to  it  than  the  best 
steam  engine  does.  As  you  are  aware,  for  each  horse  power  pro- 
duced by  an  engine,  heat  must  be  converted  into  work  at  the  rate 
of  2545  units  per  hour.     This  number  is  thus  obtained, 

33000X60 

Bearing  in  mind  that  this  amount  of  heat  corresponds  roughly 
to  about  2.3  pounds  of  steam,  0.3  pounds  of  coal,  4  cubic  feet  of 
illuminating  gas  or  .13  pounds  of  oil,  the  following  comparison 
may  be  made : 

Table  I. 

One  Horse-Power  =  2545  B.  T.  U.  Per  Hour. 


Efficiency. 

Pounds  Steam. 

Pounds  Coal. 

Cubic  Feet  Gas. 

Pounds  Oil 

100^ 

3-3 

.3 

4 

•13 

2% 

"5 

>5 

200 

6.5 

1^ 

57-5 

7-5 

100 

3.25 

^^ 

2«.75 

3-75 

50 

1.625 

10% 

23 

3 

40 

1.3 

15% 

>5-5 

a 

266 

.87 

20% 

"1 

«-5 

20 

.65 

28% 

1.25 

»7 

•54 

Mills. 

Cost  per  pound  of  Coal  at  ^$4.00  per  ton, 2 

Cost  of  Gas  per  foot  at  Ji.oo  per  1,000, i 

Cost  of  Oil  per  pound  at  7  cents  per  gallon, 10 

Now  the  bulk  of  the  steam  engines  in  use,  we  may  say  prac- 
tically all  those  below  40-horse-power,  are  included  in  the  efficien- 
cies below  10  per  cent,  which  may  be  considered  the  lowest  effi- 
ciency admissible  for  an   internal  combustion  engine.     On   the 
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other  hand,  28  per  cent,  efficiency  has  been  attained  by  a  simple 
half-single-acting  explosive  engine  without  much  difficulty,  and  in 
view  of  the  relative  state  of  development  it  is  apparent  that  the 
record  will  always  remain  with  the  explosive  engine. 

If  these  engines  were  equally  efficient,  the  cost  of  fuel  would 
show  very  largely  in  favor  of  the  steam  engine  and  it  would  have 
to  plead  its  greater  convenience  to  secure  acceptance.  I  am  fre- 
quently asked  the  question,  "  How  does  the  cost  for  oil  compare 
with  the  cost  for  coal,"  say  on  a  S -horse-power  engine.  When  in 
return  I  ask,  "  How  much  coal  do  you  expect  to  consume  per 
horse  power,"  I  get  an  answer  something  like  this,  "Well  nowa- 
days 2  pounds  is  a  common  consumption,  but  let  us  say  3  or  4  if 
you  like."  I  need  hardly  tell  you  that  such  enquiries  do  not  come 
from  members  of  the  Columbia  or  any  other  Engineering  Society. 
There  does  not  appear  to  be  any  very  reliable,  or  rather  extensive, 
report  on  the  fuel  consumption  of  small  engines.  The  following 
table, 

Table  H. 

Coal  Consumption  Per  Indicated  H.  P.,  in  Small  Engines. 


Probable  I.  H.  P.,  at  full  load.  .  12 

Average  I.  H.  P.,  during  obser- 
vation  2.96 

Coal  per  I.  H.  P.,  per  hour  dur- 
ing observation,  pounds  .   .   .  36.0 


45 

60 

45 

75 

60 

7.37 

8.2 

8.6 

23-64 

19.08 

21.25 

22.61 

18.13 

11.68 

9.53 

60 

20.08 


taken  from  Professor  Unwin's  "  Lectures  on  the  Development 
and  Transmission  of  Power,"  undoubtedly  represents  very  bad 
practice  and  was  intended  to  point  a  moral,  namely,  the  advan- 
tage of  distribution  of  power  by  compressed  air.  But  it  also 
represents  facts  which  could  be  easily  duplicated  and  are  equally 
well  adapted  to  adorn  a  tale  of  gas  engines  or  oil  engines.  Another 
record,  which,  together  with  the  last,  is  found  in  "  Kent's  Pocket 
Book,*'  gives  the  result  of  trials  of  small  engines  at  the  Royal 
Agricultural  Society  Show  in  1890,  from  which  it  appears  that  a  5- 
horse-power  engine  used  78.1  pounds  of  water  and  a  2-horse-power 
engine  89.9  pounds  of  water  per  horse-power.  In  both  these  cases 
the  actual  cost  for  coal  is  much  greater  than  the  actual  cost  for  oil, 
and  when  we  consider  the  time  spent  in  getting  up  steam,  keeping 
up  steam,  etc.,  it  is  probable  that  the  claim  that  moderate  sizes  of 
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oil  engines  cost  less  than  half  the  expense  of  running  a  steam 
engine  of  the  same  power  is  well  founded. 

Reference  has  been  made  to  the  difficulties  inherent  in  the  use 
of  heavy  safe  oil.  These  difHculties  relate  to  the  vaporization  and 
the  ignition.  Of  three  methods  of  attacking  the  first  problem,  in 
each  of  which  a  different  method  of  ignition  is  used,  a  brief  men- 
tion of  the  characteristics  will  suffice,  since  you  can  readily  ob- 
tain a  full  description  of  these  devices  in  the  text-books. 

Priestman's  method,  which,  although  not  the  most  simple,  is 
entitled  to  precedence  for  historic  reasons.  In  this  case  the  oil  is 
sprayed  into  a  chamber  which  is  heated  by  passing  the  exhaust 
gas  around  it.  The  air  for  atomizing  the  oil  spray  is  supplied  by 
an  auxiliary  air  pump,  and  the  air  required  for  combustion  is  all 
drawn  through  the  vaporizer.     The  ignition  is  electric. 

In  the  solution  by  Crossley  and  others,  which  became  possible 
only  by  the  production  of  a  lamp  adapted  to  burn  kerosene  with- 
out a  wick,  the  ignition  is  by  hot  tube,  and  the  waste  heat  from 
the  flame,  which  plays  around  the  tube,  heats  the  flue,  around 
which  a  spiral  chamber  is  formed.  A  small  quantity  of  air  is 
drawn'down  this  spiral  passage,  and  the  resulting  heated  current 
of  air  meets  the  oil  which  is  injected  by  a  pump  into  the  lower 
part  of  the  vaporizer.  The  hot  air  saturated  with  oil  vapor  is 
drawn  through  a  valve  into  the  cylinder,  and  the  additional  air  re- 
quired for  combustion  enters  the  cylinder  through  another  valve. 

In  a  unique  solution  of  both  problems  known  as  the  *'  Hornsby- 
Akroyd  method,"  the  separate  vaporizer  and  the  ignition  device  are 
both  dispensed  with.  A  portion  of  the  cylinder  connecting  with 
the  rest  by  a  narrow  neck  is  unjacketed  and,  therefore,  remains 
at  a  temperature  approaching  a  dull  red  heat;  oil  only  is  injected 
into  this  extension,  which  is  in  effect  the  vaporizer,  and  air  only  is 
drawn  into  the  cylinder.  Neither  of  these  are  explosive,  and  the 
explosive  mixture  is  formed  by  forcing  the  air  through  the  neck 
into  the  vaporizer  on  the  return  of  the  piston.  The  ignition  takes 
place  at  the  end  of  the  compression  stroke.  This  very  beautiful 
solution  of  both  problems  at  once  makes  the  oil  engine  simpler 
than  either  the  gas  engine  or  the  steam  engine. 

Let  us  turn  now  for  a  brief  survey  of  the  piinciples  involved  in 
this  heat  engine.  The  distinctive  niimes  of  the  various  heat  en- 
gines refer  to  the  agents  used  rather  than  to  the  principles  involved. 
The  oil  engine  differs  from  the  gasoline  engines  in  that  it  uses  a 
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grade  of  oil  which  cannot  be  vaporized  by  passing  air  through  it 
or  injecting  it  into  a  moderately  warm  cylinder.  The  gasoline 
and  oil  engines  differ  from  the  gas  engine  in  that  they  manufac- 
ture their  own  gas,  but  all  of  these  engines  are  simply  hot-air 
engines.  The  theory  of  the  action  is  substantially  the  same  as 
that  of  the  better-known  steam  engine.  We  may  consider  that 
air  instead  of  water  is  pumped  into  the  boiler  and  that  each  cylin- 
der charge  is  heated  (after  being  shut  off  from  the  boiler)  to  the 
required  temperature  by  combustion  in  the  cylinder.  We  per- 
ceive at  once  an  obvious  advantage  in  performing  the  combustion 
within  the  cylinder,  since  the  loss  of  heat  in  the  chimney  is 
eliminated. 

£7- tJ 

We  have  seen  that  when  the  ratio   — 1— ^ — ?  is  applied,  the    in- 

ternal  combustion  engine  comes  out  very  much  ahead  of  the 
average  steam  engine.     There  is  another  ratio  which   you  will 

T—T 
readily   recognize,  viz :     ^       *  in  which  T^  is  the  temperature  at 

Tx 
which  the  heat  is  supplied  to  the  engine  and  T^  the  temperature 
of  the  rejected  heat.  For  the  perfeat  heat  engine  working  OAtbe 
"Carnot"  cycle  these  two  ratios  are  equal,  but  for  any  practical 
engine  the  first  one,  termed  the  actual  efficiency,  is  smaller  than 
the  second,  termed  the  ideal  efficiency. 

In  the  case  of  the  steam  engine  the  actual  efficiency  is  about  half 
the  ideal  efficiency,  while  for  the  internal  combustion  engine  it 
rarely  reaches  one-fourth.  From  these  facts  two  inferences  are  fre- 
quently drawn,  the  one  of  which  seems  to  afford  a  certain  amount 
of  satisfaction  to  writers  on  the  steam  engine,  while  the  other  en- 
courages expectations  on  the  part  of  the  partisan  of  the  explosive 
engine  that  are  entirely  illusory.  For  it  would  seem  that  as  an  ap- 
pliance for  converting  heat  into  work  the  internal  combustion 
engine  is  very  inferior  to  the  steam  engine,  and  as  a  corollary  to 
this,  that  the  margin  for  improvement  in  the  former  case  is  much 
larger  than  in  the  latter. 

In  order  to  see  the  exact  significance  of  these  statements  it  will 
be  necessary  to  go  briefly  over  ground  which  is  perfectly  familiar 
to  those  who  have  attended  the  lectures  on  thermodynamics,  and 
the  matter  is  really  so  simple  that  it  will  readily  be  understood  by 
all. 
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Fig:  7 


If  we  set  up  a  line  representing  7"i  (Fig.  4)  on  any  convenient 
scale,  and  cut  off  a  portion  equal  to  Z„  the  line  is  evidently  divided 


in  the  ratio 


and  rectangles  on  these  lines  will  have  the 


same  ratio.  If  the  rectangle  on  T^  repiesents  the  heat  supplied 
to  an  engine,  that  on  T^  will  represent  the  rejected  heat  and  their 
difference,  namely,  the  rectangle  i,  2,  3,  4  (Fig.  5)  will  represent 
the  amount  of  heat  disappearing  by  conversion  into  work. 

Moreover,  by  following  this  rectangle  around,  we  read  off  the 
physical  changes  undergone  by  the  agent  used,  which  are,  of 
course,  precisely  those  required  for  the  "  Carnot "  cycle.  In 
traveling  from  i  to  2  the  ordinate  representing  temperature  re- 
mains at  constant  height  and  sweeps  out  an  area  representing  the 
heat  imparted  at  constant  temperature.  From  2  to  3  the  tempera- 
ture is  reduced  without  addition  or  removal  of  heat,  representing 
acHabatic  expansion.  From  3  to  4  the  ordinate  sweeps  out  the 
area  of  /teat  rejected  at  constant  temperature  by  traveling  to  the  left. 
From  4  to  I  the  agent  is  raised  in  temperature  without  addition 
or  removal  of  heat,  thus  representing  the  adiabatic  compression 
necessary  to  bring  the  agent  to  its  initial  condition.  As  a  result 
of  this  process  the  shaded  surface  is  traced,  which  represents  the 
missing  heat  H^—H^,  and  its  area  expressed  in  foot  pounds  is 
precisely  the  same  as  that  which  would  have  been  traced  by  the 
indicator. 
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The  indicator  diagram  is  an  autographic  record  of  the  work 
done,  and  although  we  cannot  obtain  an  autographic  record  of  the 
heat  changes,  we  can  readily  construct  the  diagram  representing 
them  when  they  are  known.  For  example,  the  cycle  of  the  steam 
engine  differs  from  the  ideal  cycle  just  considered  chiefly,  in  the 
fact  that  the  temperature  T^  is  not  reached  by  compression  of  the 
partially  condensed  steam,  but  by  the  addition  of  heat  to  water. 

This  heat  is  added  at  constantly  rising  temperature  and  is  repre- 
sented by  the  area  swept  out  by  the  ordinate  travelling  from  4  to  i 
(Fig.  6).  The  rest  of  the  cycle  is  theoretically  the  same,  and  it  is 
apparent  that  the  ratio  of  the  shaded  area  representing  the  trans- 
formed heat  H^—H^,  to  the  total  heat  imparted  H^,  does  not  dif- 
fer very  materially  from  that  of  the  ideal  cycle.  The  fact  that  in 
the  steam  engine  the  heat  actually  transformed  is  little  more  than 
half  this  amount  indicates.ihat  the  actual  heat  graph  representing 
the  physical  changes  is  considerably  modified  in  practice.  It 
would  be  entirely  foreign  to  our  purpose  to  follow  up. these  modi- 
fications in  which,  as  you  know,  the  cylinder  walls  play  a  large 
part. 


Fi  J.  8 


Rg.  9 


Fvg:  10 
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In  Figure  7  we  have  the  heat  graph  when  the  steam  is  super- 
heated.    In  this  case,  after  vaporization  has  been  completed  at  2^ 
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further  addition  of  heat  causes  a  rapid  rise  in  temperature,  the 
curve  from  2  to  2*  being  much  steeper  than  that  from  4  to  i,  since 
addition  of  equal  quantities  of  heat  increases  the  temperature  of 
steam  nearly  twice  as  much  as  that  of  water. 

In  this  case,  if  we  take  2^  as  the  highest  temperature,  the  ratio 

TJ    ZJ  'p    'T 

— Vt — ^  will  be  very  much  smaller  than  the  ratio  — ^—^f^  and 

the  introduction  of  a  material  improvement  in  the  steam  engine 
.may  result  in  an  apparent  diminished  relative  efficiency.  From 
this  it  is  apparent  that  the  relative  efficiency  obtained  by  compari- 
son with  the  "Carnot"  cycle  conveys  very  little  information  as 
to  the  real  efficiency  of  the  engine  or  the  possibilities  and  condi- 
tions of  improvement.  If,  however,  we  make  a  graph  of  the  heat 
changes  we  obtain  a  closed  area  corresponding  to  the  indicator 
diagram  and  representing  the  maximum  amount  of  convertible 
heat  for  that  particular  cycle.  More  than  this  we  see  clearly  what 
changes  in  the  cycle  are  necessary  to  increase  this  area  for  a  given 
amount  of  supplied  heat. 

There  are  thus  at  least  three  efficiencies : 

(i)  The  actual  represented  by  the  value  of 

ZT  tJ 

the  ratio  — ^        ^  experimentally  deter- 


mined. 


r-7i 


(2)  The  ideal  represented  by  the  ratio  — ij^ 

(3)  The  possible^  represented  by  the  maximum 
area  enclosed  by  the  heat  graph  of  the 
cycle'  employed. 

In  the  oil  engine  the  first  has  a  value  ranging  from  10%  to  18%, 
the  second  varies  from  65%  to  80%,  while  the  third  has  a  range  of 
from  30%  to  40%  only.  By  comparing  the  first  and  third  of  these 
it  will  be  seen  that  the  oil  engine  is  little,  if  at  all,  inferior  to  the 
steam  engine,  and  that  any  material  increase  in  efficiency  must  re- 
quire a  modification  of  the  cycle  in  use,  making  it  conform  more 
closely  to  the  ideal  cycle. 

You  will  have  noticed  that  in  the  heat  diagram  the  ordinates 
represent  absolute  temperature,  but  no  name  has  been  given  to  the 
abcissas.  These,  of  course,  indicate  entropy,  and  the  diagram  is 
simply  a  graphical  representation  of  the  second  law  of  thermody- 
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namics,  embodied  in  the  expression  dH=TdS/just  as  dW=PdV 
is  represented  by  the  indicator  diagram. 

Moreover,  for  perfect  gases  the  relation  between  these  pairs  of 
coordinates  are  very  simple  and  we  pass  readily  from  one  to  the 
other.  On  the  temperature  entropy  diagram  all  the  lines  required 
for  an  elementary  study  of  the  subject  are  either  straight  lines  or 
definite  curves  that  can  be  cut  out  once  for  all.  Adiabatics  and 
isothermals  are  obviously  vertical  and  horizontal  lines  respectively, 
and  it  can  very  easily  be  shown  that  when  the  temperature  ordin- 
ate sweeps  out  an  area  proportional  to  the  rise  in  the  temperature 
{which  is  the  case  when  the  specific  heat  is  constant)  its  extremity 
will  describe  a  logarithmic  curve. 

In  the  case  of  an  oil  engine  on  the  *'  Otto  "  cycle  the  highest 
temperature  is  reached  partly  by  compression  and  partly  by  the 
addition  of  heat  by  combustion  at  constant  volume.  In  Figure  8 
compression  raises  the  temperature  from  4  to  i  ;  and  i  to  2  marks 
the  rise  in  temperature  in  consequence  of  the  addition  of  heat  at 
constant  volume,  the  amount  of  which  is  represented  by  the  area 
swept  out  by  the  vertical  line  in  traveling  from  I  to  2.  From  2  to 
3  the  temperature  is  reduced  without  addition  or  removal  of  heat 
(adiabatic  expansion).  The  -  expansion  is  continued  until  the 
initial  volume  is  reached,  or  the  point  3  lies  upon  a  line  of 
constant  volume  drawn  through  4.  The  shaded  area,  as  in  the  pre- 
vious case,  represents  the  total  amount  of  heat  which  it  is  possible 
to  convert  into  work  in  the  «*  Otto  "  cycle.  If  we  draw  horizontal 
lines  through  the  points  2  to  4  we  obtain  the  rectangle  repre- 
senting the  available  heat  for  an  ideal  engine  working  between  the 
same  temperature  2  and  4.  The  difference  between  these  areas 
indicates  very  clearly  the  absurdity  of  applying  the  "  Carnot"  ratio 
to  the  "  Otto  "  cycle  engine.  All  the  facts  and  possibilities  of  this 
cycle  can  be  read  at  a  glance  from  this  figure.  It  is  obvious  that 
the  efficiency  is  proportional,  not  to  the  difference  between  the 
highest  and  lowest  temperatures,  2  and  4,  but  to  the  difference  be- 
tween the  temperatures  produced  by  compression  (i)  and  the 
initial  temperature  4.  From  this  it  follows  that  the  efficiency  of 
the  theoretical  "  Otto  "  cycle  can  be  increased  to  any  desired  de- 
gree by  increasing  the  compression.  It  does  not,  of  course,  follow 
that  this  would  be  true  in  actual  practice. 

The  gain  by  complete  expansion  is  seen  in  Figure  9.  The  expan- 
sion, instead  of  stopping  at  the  point  3,  is  continued  tilt  the  at 
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mospheric  pressure  is  reached.  At  the  point  4  the  gas  is  also  at 
atmospheric  pressure,  and  a  line  of  equal  pressure  drawn  through 
this  point  will  be  less  steep  than  the  line  4-3,  since  the  specific 
heat  of  air  at  constant  pressure  is  greater  than  at  the  constant 
volume.  This  line  will  cut  the  vertical,  2-3,  at  the  point  5,  and 
the  additional  work  obtained  by  complete  expansion  is  that  repre- 
sented by  the  triangle,  4-3-5.  Not  only  is  the  available  heat  of 
the  oil  engine  much  less  than  that  of  the  ideal  engine  of  similar 
range,  but  it  is  further  diminished  by  two  circumstances,  the  one 
physical  and  easily  understood,  the  other  chemical  and  somewhat 
obscure.  The  temperature  obtaining  in  the  oil  engine  would  make 
the  cylinder  nearly,  or  quite,  red-hot  and  render  proper  lubrication 
impossible.  Hence  the  necessity  of  the  water  jacket,  which  carries 
away  nearly  one-half  of  the  total  heat  supplied  to  the  engine. 
This  involves  a  great  sacrifice  of  the  available  energy,  but  if  the 
water  jacket  were  suppressed  the  greater  part  of  the  heat  it 
eliminates  would  go  into  the  exhaust. 
1  The  action  of  the  water  jacket  may  be  seen  in  Figure  10. 

During  expansion  heat  is  removed  to  an  amount  represented  by 
the  area  swept  out  by  the  vertical  in  travelling  to  the  left  from  2 
to  6.  The  area  of  available  energy  is  diminished  by  the  triangle^ 
2-3-6,  and  the  exhaust  heat  is  diminished  by  the  area  swept  out 
by  travelling  from  3  to  6.  This  latter  quantity  of  heat  belongs 
to  the  exhaust  or  rejected  heat,  and  it  is  immaterial  whether  it 
passes  out  in  the  jacket  or  the  exhaust. 

The  sum  pf  these  two  does  not  represent  the  fifty  per  cent,  of 
jacket  heat,  for  a  large  part  of  this  is  taken  up  during  the  exhaust 
stroke.  The  point  6  can  be  determined  when  the  final  tempera- 
ture or  pressure  of  expansion  is  known  and  the  two  areas  in  ques- 
tion would  be  ascertained  with  sufficient  accuracy  by  drawing  a 
straight  line  from  2  to  6.  On  the  indicator  diagram  this  repre- 
sents an  expansion  line  considerably  below  the  adiabatic  curve. 
But  the  second  circumstance  has  an  opposite  effect,  and  the 
combination  generally  results  in  throwing  the  actual  expansion 
line  above  the  adiabatic.  The  reference  here  is  to  be  retarded 
combustion.  It  is  found  that  at  the  moment  of  ignition  the  theo- 
retical temperature  2  of  Figure  8  is  not  obtained  and,  consequently, 
only  the  heat  due  to  partial  combustion  is  applied  along  the  line, 
1-2,  the  remainder  being  added  during  the  expansion.  Figure  11 
represents  this  phenomenon  ;  the  first  ignition  supplies  heat  from 


146 


THE  QUARTERLY, 


I  to  7,  and  the  expansion  line  is  carried  out  of  the  vertical  over  to 
8,  by  the  subsequent  addition  of  heat  If  the  area  by  the  path 
I-7-8  is  the  same  as  that  from  i  to  2,  the  combustion  is  com- 
pleled  at  the  end  of  the  stroke.  If  it  is  less,  then  unconsumed  oil 
is  passed  out  with  the  exhaust.  The  positions  of  both  the  points 
7  and  8  depend  on  a  variety  of  circumstances,  the  most  important 
being  the  proportion  of  oil  to  air  at  the  time  of  ignition. 

In  order  to  trace  heat  changes  corresponding  to  an  actual  dia- 
gram it  is  necessary  to  establish  the  relations  between  P,  V,  T  and 
S.    The  two  equations  : 

PV^RT 
S^n\og,P+m\og,  P, 

where  m  and  n  are  the  specific  heats  at  constant  pressure  and  vol- 
ume respectively,  enable  us  to  pass  readily  from  the  one  system 
to  the  other.  An  actual  indicator  diagram  from  a  "  Hornsby- 
Akroyd "  engine  is  given  below  and  the  value  of  T  and  5  have 
been  calculated  for  ten  points  on  the  curve  K. 
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Table  III. 


I 

P.  V. 

T.  /T. 
1. 000 

.176  Logp-I'246  Log.  V. 

S-S. 

475 

6,094 

a 

545 

1. 147 

6,149 

55 

3 

600 

1.263 

6,iS9 

10 

4 

66 1 

1.391 

6,154 

-    5 

5 

706 

— 

1.486 

6,095 
.189  Logp4-.26  Log.  V. 

6,943 

"  59 
854 

b 

t        1,391 

2.928 

6 

M04 

2.956 

7.045 

102 

7 

M38 

3027 

7,«83 

>38 

S 

M6o 

3073 

7.268 

85 

9 

M28 

3.006 

7.313 

45 

10 

1.300 

2.800 

7,308 
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Some  uncertainty  attaches  itself  to  the  values  to  be  assigned 
to  m  .and  n.  By  a  process  of  approximation,  usual  in  this  con- 
nection, and  which  cannot  be  very  far  from  true,  the  value  of  m 
has  been  taken  at  .246  on  the  compression  curve  and  .26  on  the 
expansion  curve,  while  n  is  taken  at  .176  for  the  compression  and 
.189  for  the  expansion  curve.  One  of  the  conveniences  of  this 
method  of  tracing  the  heat  changes  is  the  fact  that  we  can  draw 
our  diagram  to  any  convenient  scale  without  assuming  any  value 
for  T.  When  subsequently  a  value  is  either  ascertained  by  ex- 
periment or  assigned,  the  scale  of  T'may  be  written  down.  The 
same  diagram  will,  of  course,  serve  for  any  other  value  of  T  by 
simply  noting  the  change  of  scale. 

In  the  same  manner  ordinary  logarithms  may  be  used  in  calcu- 
lating the  value  of  5  and  any  convenient  scale  in  plotting  the  re- 
sults and  for  numerical  results  the  actual  value  of  the  entropy  scale 
can  be  readily  ascertained.  From  the  table  it  is  evident  the  com- 
pression curve  is  practically  an  adiabatic,  the  slight  accession  of  heat 
from  the  warm  cylinder  sides  during  the  commencement  of  the 
stroke  being  compensated  for  by  the  rejection  during  the  latter 
portion  of  the  stroke  and  both  being  too  small  to  be  shown  on  the 
heat  diagram  on  the  scale  used.  On  the  expansion  curve,  while 
the  bulk  of  the  heat  is  added  at  the  moment  of  ignition,  the  com- 
bustion is  evidently  continued  to  nearly  the  end  of  the  stroke. 
The  heat  due  to  this  retarded  combustion  is  really  greater  than 
the  figures  indicate,  since  during  this  time  heat  has  been  escaping 
through  the  walls  of  the  cylinder.  The  time  at  our  disposal  pre- 
cludes any  further  discussion  of  this  subject,  the  brief  outh'ne  of 
which  must  be  considered  as  suggestive  only. 

In  conclusion  some  explanation  is  due  to  you  of  my  apparent 
trespressing  on  the  subject  of  the  class  room  rather  than  confining 
myself  to  the  practical  application  of  the  oil  engine,  as  you  might 
have  expected.  But  I  am  so  closely  identified  with  a  certain  oil 
engine  and  my  convictions  on  the  subject  are  so  strong  that  I  felt 
it  would  be  impossible  to  do  full  justice  to  the  claims  of  others. 
I  have  chosen,  therefore,  a  neutral  ground,  and  I  think  it  is  not  al- 
together inappropriate  to  call  your  attention  to  a  graphical  method 
of  studying  the  oil  engine,  which,  like  the  engine  itself,  originated 
in  this  country  and,  like  it,  has  been  developed  chiefly  abroad. 
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SUBTERRANEAN  TEMPERATURES  AT  WHEELING, 

W.  VA.,  AND  PITTSBURG,  PA. 

By  W.  HALLOCK. 

The  question  as  to  the  conditions  which  exist  in  the  interior  of 
the  earth  has  always  attracted  much  attention.  The  most  impor- 
tant factor  in  the  solution  of  this  riddle  is  the  determination  or 
estimation  of  the  temperatures  there  existing.  The  British  Asso- 
ciation has  for  years  seized  every  opportunity  to  obtain  data  as  to 
the  rate  at  which  the  temperature  increases  as  the  earth's  crust  is 
penetrated.  Some  of  the  most  recent  and  reliable  contributions 
on  this  subject  are  by  Mr.  E.  Dunker,  of  Halle,  Germany,  and 
were  obtained  from  a  4,170-foot  well  at  Sperenberg,  not  far  from 
Berlin,  and  a  5,740-foot  well  at  Schladabach,  near  Leipzig. 

Early  in  1891  a  number  of  the  most  enterprising  citizens  of 
Wheeling,  under  the  name  of  The  Wheeling  Development  Co.^ 
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finished  a  well  near  Wheeling,  on  Bogg's  Run,  on  the  farm  of  Squire 
Keltz.  This  well  was  4,500  feet  deep,  4^  inches  diameter  and  dfy; 
cased  only  to  1,570  feet.  The  strata  there  are  nearly  in  situ,  un- 
distorted  and  dipping  only  fifty  feet  to  the  mile.  More  satisfactory 
geological  conditions  can  scarcely  be  imagined. 

The  well  being  dry,  ordinary  U.  S.  Signal  Service  maximum 
thermometers  were  used,  and  special  tests  showed  that  no  precau- 
tions needed  to  be  taken  to  prevent  circulation  of  the  air.  The 
thermometers  were  lowered  and  raised,  and  depths  measured  by  a 
steel  wire. 

Results: 


TABLE  I. 


DEPTH 
FEET. 


1350 
I59I 

1592 

*  »745 

1835 
2125 

2230 

2375 
2486 

2625 

2740 

2875 
2990 


TEMP. 
FAHR. 


68O.75 

70  ."5 

70  .25 

71  .70 

72  .80 

76  .25 

77    40 

79  -20 

80  .50 

82  .20 

IZ  .65 

«5  .45 
86  .60 


DEPTH 
FEET. 


TEMP. 
FAHR. 


3125 

88O.40 

3232 

89  .75 

3375 

92  .10 

3482 

93  .60 

3635 

96  .10 

3730 

97  -55 

3875 

100  .05 

3980 

loi  .75 

4125 

104  .10 

4200 

105  -55 
108  .40 

4375 

4462 

no  .15 

100 

510.30 

These  observations  when  plotted  show  a  slow  increase  for  the 
upper  half  of  the  uncased  portion,  about  i°  F.  for  80  to  90  feet, 
whereas  the  lower  part  shows  a  more  rapid  increase,  about  1°  F. 
for  60  feet;  the  whole  series  giving  a  well-defined  and  regular 
curve,  with  a  slight  deflection  at  2,900  to  3,000  feet  where  oil  sand 
occurs.  Practically  all  the  rest  of  the  uncased  well  is  in  shale. 
The  increase  in  the  rate  at  which  the  temperature  rises  as  the 
bottom  is  approached  can  only  be  temporary  or  we  should  have 
an  iaconceivaf^le  or  improbable  state  of  temperature  at  compara- 
tively slight  depths. 

The  two  distinct  series  of  observations  combined  in  Table  I.  no- 
where disagree  more  than  0^.3  F.  and  hence  may  be  looked  upon 
as  very  reliable  and  accurate. 
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Table  II.  gives  a  comparison  of  the  results  at  the  four  great  wells. 

TABLE  II. 


NAME  OF  WELL  AND 

FEET  FOR 

TOTAL 

TEMPERATURE 

TEMPERATURE 

LOCATION. 

lO  FAHR. 

DEPTH. 

AT  TOP. 

AT  BOTTOM. 

Sperenberg,  near  Berlin 

59.2  ft 

4170  ft. 

47O.8  Fahr. 

118O.6  Fahr. 

Schladabach,  near  Leipzig 

65.0 

5740 

5«  -9 

»3S  -5 

Wheeling  Development  Co. 

Top  and  greatest  depths 

74.3 

4500 

5T  .3 

110  .3 

Mean  of  lower  3,000  feet 

75-4 

Pittsburg,  Peter's  Creek 

7'-5{  5000  ft 

5386 

51  .0  (?) 

f  at  5,000  ft. 
\1aoO.9 

A  series  of  observations  in  a  coal  mine  near  the  well  gave  as  a 
very  probable  value  of  the  temperature  of  the  top  invariable  stratum 
51^.3  Fahr.  From  the  mean  annual  temperature  of  Marietta  and 
Steubenville  as  reduced  by  Schott  it  might  be  taken  at  51^.5  Fahr. 

Samples  of  air  were  taken  at  the  bottom  of  the  well,  but  their 
subsequent  analysis  revealed  nothing  of  especial  interest. 

This  well  was  drilled  by  T.  S.  Kinsey  and  his  two  sons,  of  Wells- 
burg,  W.  Va. 

When  the  observations  of  1891  were  finished,  an  oak  plug  was 
driven  into  the  top  of  the  casing  and  thus  the  hole  protected.  In 
July,  1 893,  the  hole  was  opened,  and  it  was  found  full  of  fresh  water 
to  within  forty  feet  of  the  top,  having  leaked  full  in  something  less 
than  two  years.  Those  who  should  know  have  no  doubt  that  this 
water  has  entered  at  the  lower  end  of  the  inner  casing,  u  e,,  at 
1,570  feet  below  the  surface. 

It  was  very  desirable  to  obtaining  a  series  of  temperatures  with 
the  water  in  the  well,  to  discover  the  extent  to  which  its  circula- 
lation  would  or  does  affect  the  distribution  of  temperature  in  the 
hole. 

The  ordinary  signal  service  mercurial  maximum  thermometers 
were  used,  inverted,  as  in  1891.  They  were  enclosed  in  a  heavy,, 
sealed  glass  tube  to  protect  them  from  the  pressure  of  the  water, 
and  were  used  in  pairs  and  a/l  corrections  applied.  The  two  al- 
ways agreed  within  o°.2  F.,  except  once  at  2,669  feet,  when  one 
evidently  failed  to  record  correctly.  Two  thermometers  were 
in  an  iron  bucket,  three  feet  long  and  three  inches  in  diameter 
at  the  end  of  the  wire,  and  two  were  in  an  open  wire  frame,  two- 
hundred  and  sixty  feet  from  the  end  of  the  wire.  The  temperatures 
at  depths  of  one,  two  and  three  hundred  feet  were  determined  with 
other  thermometers  separately  lowered  from  the  top  of  the  well. 
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The  results  are  given  in  Table  III.  The  first  column  contains 
the  depths  in  feet;  the  second,  the  corresponding  temperatures  in 
d^rees  Fahrenheit,  as  they  were  found  July,  1893.  In  column 
three  are  the  temperatures  interpolated  from  Table  I.,  as  found  in 
July,  1891.  The  last  column  gives  the  differences,  or  rise  in  tem- 
perature, in  the  well  in  two  years. 

At  3,200  feet  an  obstruction  occurs,  which  I  was  not  able  to  re- 
move with  the  available  tools,  and  which  temporarily  prevented 
an  investigation  of  the  lower  1,300  feet  of  the  well.  A  glance  at 
the  fourth  column  in  Table  III.,  shows  that  the  temperatures  in 
water  in  1893  are  practically  identical  with  those  in  air  in  1891. 


TABLE  III. 


Depth  in  feet 


103 
206 

3" 
1586 

1921 

2055 

3276 

2396 

2539 
2669 

2793 
2937 
3057 
3^96 


Temperatures 

in  Fahrenheit 

1893. 

1893. 

Interpolated  from 
1891. 

mims. 
1891. 

;           52°-53* 

'             53.53 

5503 

***** 

70.12 

70O.15 

—0.03 

7395 
75.28 

78.13 

73.82 

+.13 

75-42 

—^14 

77.93 

+.20 

79.54 

7945 

009 

81.21 

81.15 

0.06 

83.39t 

82.75 

a64t 

84.56 

84.41 

ai5 

86wi2 

86.07 

^ 

87.42 

87.50 

89.27 

89.30 

—03 

Only  once  does  the  difference  amount  to  0^2.  Fahrenheit,  and 
these  differences  show  no  evidence  of  a  warming  in  the  top  and 
cooling  in  the  bottom,  as  we  would  naturally  expect.  It  seems  to 
me  we  are  thus  compelled  to  believe  that  there  is  not  an  appreci- 
able circulation  even  of  water  in  a  hole  of  five  inches  diameter. 

The  Forest  Oil  Company,  of  Pittsburg,  Pa.,  are  at  present  at 
work  upon  a  well  which  is  already  the  deepest  on  this  continent 
and  the  third  in  the  world,  and  will  be  raised  to  the  second  place 
if  care  and  enterprise  can  do  it.  It  is  already  the  deepest  ever 
drilled  with  a  cable,  its  rivals  in  East  Prussia  having  been  put 
down  with  rotating  diamond  core  drills.    The  well,  in  February, 

*  Probable  temperature  at  one  hundred  feet,  from  other  obsenrations,  51^.30. 
f  Or  more  probably,  82O.87  and  -)-o0.i2. 
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1897,  is  5,386  feet  deep,  about  6*/i  inches  in  diameter  of  casing, 
which  is  only  a  Ultle  over  900  feet  in  depth.  The  well  is  dry  and 
has  an  inlet  of  gas  at  a  depth  of  2.2S5  feet. 

The  geological  conditions  of  this  well  are  almost  identical  with 
those  at  Wheeling.  The  well  is  on  Peter's  Creek,  on  the  farm  of 
Wm. Bedell,  about  2^  miles  west  of  West  Elizabeth  and  about  12 
miles  south  south-east  of  Pittsburg. 


Mr.  Young,  the  vice-president  and  manager  of  the  Forest  Oil 
Company,  has  very  kindly  consented  to  the  use  of  the  well  for  the 
investigation  or  the  underground  temperatures  at  that  place,  and 
hence  we  have  here  a  rare  chance  for  obtaining  more  data  as  to 
the  interesting  question  of  earth  temperatures. 

Mr.  E.  E.  Crocker,  the  superintendent  of  that  section,  went  with 
me  to  the  well  and  was  of  the  greatest  assistance,  both  with  advice 
and  hands.  The  drillers  also  contributed  in  a  large  degree  to  the 
ease  and  success  of  the  expedition.  It  is  indeed  gratifying  to  find 
"  practical  men  "  so  interested  in  scientiRc  questions  and  so  willing 
to  put  up  with  what  to  them  must  appear  as  useless  trifles.    The 
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actual  work  at  the  well  is  in  the  hands  of  S.  W.  Colman,  H.  A. 
Stroup,  Clif.  Young  and  Eugen  O'Brian ;  Mr.  Kegan  having  direet 
supervision  of  the  wells  in  that  particular  district.  It  would  be 
difficult  to  find  a  lot  of  men  better  qualliiied  to  "  break  the  record," 
and  carry  this  well  to  its  utmost  depth. 

The  thermometers  were  lowered  upon  a  steel  tape  marked  every 
50  feet,  which  was  wound  up  upon  a  spool  attached  to  the  shaft  of 
the  engine. 

A  pair  of  readings  were  made  at  2,250  and  2,350  feet,  /.  ^.,  just 
above  and  just  below  the  inlet  of  gas.  The  reading  at  2,350  feet 
was  about  7^^  Fahrenheit,  which  agrees  well  with  the  •same  depth 
at  Wheeling,  but  the  thermometers  could  not  be  left  down  long 
enough  to  give  a  thoroughly  satisfactory  reading.  The  thermom- 
eters at  2,250  feet  indicated  a  cooling  due  to  the  expansion  of  the 
gas  amounting  to  about  14^. 

Four  thermometors  were  lowered  to  a  depth  of  5,000  feet  at 
5  p.  M.  on  the  5th  of  February  and  taken  out  at  9  a.  m.  on  the  6th  ; 
they  gave  a  record  at  that  depth  of  1 20.9°.  This  means  a  tem- 
perature of  about  127°  at  the  bottom,  5,386  feet  below  the  surface 
of  the  earth. 

A  careful  comparison  of  this  record  with  the  Wheeling  tempera- 
tures will  show  that  the  two  are  almost  identical  for  the  same 
depths;  for  example,  exterpolating  from  the  Wheeling  well  to 
S,ooo  feet  we  get  119.6°  as  against  120.9°  21*  Pittsburg. 

Science  is  indebted  to  Professor  I.  C.  White  for  the  diversion  of 
the  Wheeling  and  Pittsburg  wells  into  scientific  channels,  and  the 
U.  S.  Geological  Survey  has  generously  contributed  toward  the 
payment  of  the  expenses  incident  to  these  investigations. 

In  the  late  spring  or  early  summer  it  is  hoped  that  a  fuller 
record  of  the  temperatures  in  the  well  can  be  obtained.     . 

The  well  which  stands  without  a  peer  on  earth  is  at  Paruscho- 
witz,  near  Reibnik,  in  Eestern  Silesia.  More  than  two  years  ago  it 
was  over  6,500  feet  deep,  and  it  was  the  intention  to  go  about  8,800 
feet  (2,700  meters).  No  recent  report  has  been  had  from  it,  and 
temperature  observations  were  not  to  be  commenced  until  the  well 
was  finished.  We  may,  however,  rely  upon  the  Germans  to  give 
us  a  thorough  and  trustworthy  record,  when  the  time  comes. 
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DETAILS   OF  MODERN   WATER  WORKS  CONSTRUC- 
TION* 

By  WOLCOTT  C.  FOSTER. 

Part  V.    Service  Connections  ;   Tapping  Machines. 

Setvice  Connections.  The  branch  pipes  leading  from  the  street 
mains  into  the  buildings  of  consumers  are  usually  termed  "  service 
connections,"  "  service  pipes  "  or  •*  services."  The  size  of  the  con- 
necting pipe  depends,  of  course,  upon  the  probable  consumption  of 
water.  For  ordinary  household  use  pipe  is  generally  from  ^  inch 
to  ^  inch  in  diameter.  For  mills,  factories,  etc.,  it  may  sum  up 
as  high  as  8  inches  or  larger,  though  this  is  exceptional.  The 
large  services  are  connected  with  the  mains  by  a  special,  small  ser- 
vices by  a  corporation  cock,  described  in  Part  III.,  Vol.  XVI., 
p.  140.  The  material  generally  used  for  small  service  connections 
is  either  galvanized  iron  or  lead  pipe,  though  other  kinds  of  pipe 
have  been  used  to  a  greater  or  lesser  extent,  such  as  tin-lined 
lead  pipe,  lead-lined  iron  pipe,  cement-lined  pipe,  rustless-iron 
pipe  or  pipe  treated  so  that  the  surfaces  are  covered  with  the 
black  oxide,  tarred  pipe,  etc.  When  galvanized-iron  pipe  is  used 
it  is  well  to  make  the  connection  between  the  main  and  the  cellar 
wall  as  shown  in  Fig.  75.     First  the  corporation-cock  is  screwed 


Fig.  75.     Fervice.Pipe  Connection. 


♦Copyright,  1897,  W  W.  C.  Foster. 
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into  the  top  of  the  main  or  the  side  near  the  top.  This  is  con- 
nected by  means  of  a  union  and  "  wiped-joint "  with  a  short  length 
of  lead  pipe,  to  the  other  end  of  which  is  attached  a  soldering 
nipple  by  a  second  "  wiped-joint."  This  short  piece  of  lead  pipe 
is  known  as  a  "  goose-neck  "  and  is  shown  enlarged  in  Fig.  76. 


Fic.  76.     Goose  Neck. 


Goose-necks  with  soldering  nipples  and  couplings  attached  can  be 
purchased  ready-made.  The  free  end  of  the  soldering  nipple  is 
threaded  and  is  connected  with  the  iron  pipe  by  a  coupling.  At 
the  curb  the  iron  pipe  is  cut  and  a  service  cock  (Part  III.,  Vol. 
XVI.,  p.  140)  inserted.  The  service-cock  is  protected  by  a  cast- 
iron  service-box.  This  cock  is  inserted  for  convenience  in  con- 
trolling the  water  supply  to  the  consumer.  In  case  of  a  leak 
in  the  house,  or  in  case  it  is  desired  to  stop  the  supply  for  the 
non-payment  of  rent  or  other  reason,  the  water  can  be  shut 
off  at  this  point.  Just  inside  the  cellar  wall  a  stop-cock,  Fig. 
jj,  with  a  waste  vent  draining  the  pipes  in  the  house  should  be 


Fic.  ^^.     Stop  Cock  Wiih  Wwte. 

placed.  When  meters  are  used  the  arrangement  shown  in  Fig. 
78  for  use  inside  the  cellar  is  a  very  good  one.  When  it  is  neces- 
sary to  make  a  comparatively  large  service  connection,  such  as 
I  ^  inch  or  2  inch,  the  connection  with  the  main  may  be  made 
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Street 


House. 


V^fr. 


Fig.  78.    Meter  Service. 

either  with  a  single  tap  or  by  a  manifold  and  several  smaller  taps, 
always  bearing  in  mind  that  the  areas  of  pipes  are  proportional  to 
the  squares  of  their  diameters,  in  finding  the  number  of  taps  to 
use.  Thus  supposing  it  is  desired  to  connect  a  2-inch  service  pipe 
with  the  main  by  taps  having  a  clear  area  of  ^  inch,  then  2  inch 
or  ^  squared  =  f  |  and  |  squared  =  ^,  then  ^  =  7^  or  8  f -inch 
taps.  Each  tap  should  be  connected  with  the  manifold  by  a  goose- 
neck, and  it  is  advisable  to  put  the  taps  in  the  main  spirally.  The 
manifold  may  be  made  up  of  T  's  and  short  nipples,  as  in  Fig.  79. 


EiG.  79.     Made-up  Manifold. 

Or  instead  of  using  a  made-up  manifold  a  specially  manufactured 
manifold  may  be  employed.  These  manifolds  are  of  brass  for  use 
with  either  iron  or  lead  pipe  and  the  following  sizes  are  kept  in 
stock : 

Table  X. — Stock  Manifolds. 


Trade  No.  of 
Manifold. 


Diameter  of  Ser. 

vice  Pipe. 

Inches. 


I 

2 

3 

4 

i 

7 
8 

9 
10 


No.   of  Branches 
for  i-in.  taps. 


2 

3 

4 

2 

3 
4 
6 

8 
6 
8 


^•rn°eLSr:itr'lN*«-ofServlce.plpe 
Manifold.  I 


Connection. 


Wiped  joint 


c« 


Wiped  joint 


Soldering  union 


« 


« 


Wiped  joint 
«        « 

Soldering  union 


fi 


« 


M 
M 
W 
(( 
« 


l« 
M 
(f 
l( 
M 


Screw  joint 


(I 
« 


M 
<( 
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The  manifolds  are  designed  with  a  view  to  using  i-inch  cor- 
poration  cocks  for  connecting  with  the  main.    Fig.  80  shows  a 


Fic.  80.     No.  8  Manifold  Connected  With  Main. 

No.  8  manifold  connection  ready  for  a  3-inch  service  pipe,  though  it 
would  be  preferable  to  stagger  the  service  cocks  or  to  place  them 
spirally. 

Table  XI.  gives  the  details  of  galvanized  pipe  used  for  service 
connections  and  Table  XII.  the  same  for  lead  pipe. 


Table  XI. — Galvanized  Iron  Service  Pipe. 


Diameier  Inches. 

ViTeight  per 
Fool.    Lbs. 

No.  or  Threasd 

per  Inch  of 

Screw. 

Nominal 
Imerno]. 

Actual 
Ext«maL 

Actual 
Internal. 

Gallons 
per  Foot 

W 

0.84 

0.623 

0837 

■4 

0.0  loa 

^ 

o.%M 

14 

0.0230 
0.04S0 

I-31S 

1.048 

"X 

..38 

a.  344 

0.0638 

'Ji 

0.0918 

l%\ 

•■"52 

3-609 

"Ji 

a  1632 

5-739 

°.:=P° 

3 

3-S 

3.067 

7-536 

8 
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Table  XII. — Lead  and  Tin-lined  Lead  Service  Pipes. 

Weight  per  foot. 


Insidb 

DiAM. 

AAA. 

A  A. 

A 

> 

£ 

1. 

c. 

1 

1 

D 

1 
1 

• 

1 

E. 

lbs.  ,  ozs. 

lbs. 

ozs. 

lbs. 

ozs. 

1  lbs. 

ozs. 

lbs. 

ozs. 

lbs. 

ozs. 

1 
lbs. 

ozs. 

}i 

3 

o 

2 

o 

I 

12 

I 

4 

I 

o 

1 

o 

12 

o       9 

H 

3 

8 

1      2 

12 

2 

8 

2 

o 

I 

8  ! 

I 

O 

O   ,    12 

H 

4 

12 

3 

8 

3 

o 

2 

4 

I 

12 

I 

4 

I 

o 

I 

6 

o 

4 

12 

4 

o 

3 

4 

2 

8 

2 

o 

I 

8 

IV 

6         12 

5 

12 

4 

12 

3 

12 

3 

O  j 

2 

8 

2 

o 

lyi 

8   '     8 

!    7 

8 

6 

8 

5 

O 

4 

4 

3 

8 

3 

0 

IV 

lO 

O 

\    8 

8 

7 

o 

6 

O 

5 

o  1 

4 

o 

2 

II 

12 

9 

1 

o 

1 
1 

^    8 

3 

;   7 

1 

O   1 

6 

o 

4 

12 

1 

A  few  cities  use  cast-iron  service  connections.  For  this  purpose 
a  special  pipe  of  small  diameter  is  cast.  The  outside  diameter  is 
the  same  as  the  outside  diameter  of  wrought-iron  pipe,  but  the  in- 
side diameters  do  not  correspond.  It  is  made  in  this  way  in  order 
that  the  same  fittings  may  be  used,  if  desired,  as  are  used  for 
wrought-iron  pipe.  The  pipe  is  named  the  same  as  the  size  of  the 
wrought-iron  pipe  that  the  fittings  are  made  for,  thus  what  is  known 
as  ii^-inch  cast-iron  pipe  takes  the  same  fittings  as  i^-inch 
wrought-iron  pipe,  has  the  same  external  diameter  as  the  latter, 
but  not  the  same  internal  diameter.  The  pipe  is  made  in  lengths 
of  7  feet  for  the  i  j^-inch  and  2.inch  sizes,  and  in  1 2-foot  lengths 
for  the  larger  sizes,  with  either  screwed  ends  for  use  with  wrought- 
iron  pipe  fittings,  or  with  hub  and  spigot  ends  for  the  ordinary 
lead  joints.  Table  XIII.  gives  the  details  of  the  various  sizes  of 
this  pipe. 

Table  XIII Small  Sizes  of  Cast-Iron  Pipe. 


Trade 

Nominal 

Inside 

Diameter. 

Actual 

Outside 

Diameter. 

Nominal 

Weight 

Length  in 

Size. 

Thickness. 

Per  Foot. 

Feet 

\H 

IM 

1.90 

510 

5 

7 

iK 

1.90 

V 

4 

7 

2 

m 

2.375 

510 

7H 

7 

2 

a-375 

V 

6 

7 

V^i 

ai8 

2.875 

3-8 

10^ 

12 

2}i 

*% 

2.875 

5-16 

8 

12 

3 

9^ 

3.50 

38 

n% 

12 

3 

3-50 

5.16 

10 

12 

3^ 

8M 

4.00 

3-8 

UH 

12 

ZVz 

4.00 

5.16 

I2>^ 

12 

4 

8  58 

4.50 

7-10 

21 

12 

4 

3V 

450 

H 

18 

12 
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The  light-weight  pipe  is  not  coated  unless  it  is  so  ordered.  The 
heavy-weight  pipe  is  coated  inside  and  outside  with  coal-tar  varnish. 
Light-weight  pipe  is  tested  to  150  pounds  per  square  inch,  and 
heavy  pipe  to  300  pounds  per  square  inch.  The  advantage  of  cast- 
iron  pipe  over  wrought-iron  for  service  connections  lies  in  its  great 
durability.  The  use  of  this  pipe  is  not  very  extensive  as  yet,  as 
it  has  but  recently  been  placed  on  the  market. 

Tapping  Machines.  The  mains  may  be  tapped  either  dry  or 
under  pressure.  If  tapped  dry  or  with  the  pressure  shut  off  the 
tools  required  are  simple  and  cheap,  being  a  ratchet  drill,  with 


Flc  El.     Apparatus  For  Dry  Tapping. 
crow,  a  tap  or  threading  tool  iind  a  monkey  wrench.     Fig.  81 
shows  a  dry-pipe  tapping  machine. 

Of  recent  years,  however,  tapping  under  pressure  has  come  into 
vogue  very  generally,  and  a  waterworks  is  hardly  considered  com- 
plete now  that  has  not  facilities  for  such  work.  By  this  method 
the  water  does  not  have  to  be  shut  off  and  none  of  the  consumers 
are  inconvenienced.  There  are  a  number  of  machines  on  the 
market  for  this  purpose,  one  of  which  is  shown  in  Fig.  82.  They 
arc  attached  to  the  mains  by  means  of  a  chain,  which  can  be 
tightened  up,  a  thick  gasket  of  rubber  being  interposed  between 
the  machine  and  the  main  to  prevent  leakage.  A  casing  on  the 
machine  contains  a  drill  and  threading  tool  combined,  Fig.  82,  A. 

After  the  machine  has  been  properly  attached  to  the  main  the 
drill  is  moved  into  position  and  the  hole  bored  and  threaded. 
The  drill  and-tap  are  then  backed  oat  and- the<'gate;  C,  closed.  The 
top  is  then  removed,  the  drill  and  tap  taken  out  of  the  spindle  and 
the  plug,  B,  inserted  in  the  spindle.     The  corporation-cock  after 
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Fig.  %i.     Machine  For  Tapping  Under  Pressure, 
having  been  closed  is  screwed  on  to  the  plug,  B,  and  the  top  of  the 
machine  replaced,  the  by-pass,  ZJ,  and  then  the  gate,  C,  opened  and 
the  cock  screwed  into  the  main.    The  machine  is  then  removed 
and  the  corporation-cock  screwed  up  tight  with  a  wrench. 

While  the  other  m'!achines  on  the  market  all  differ  in  details,  still 
they  all  accomplish  the  same  ends.  In  addition  to  the  advantages 
named  above,  the  trench  is  kept  dry  and  the  workmen  are  not  in- 
convenienced. 

Many  towns  and  companies  set  aside  one  or  more  certain  days 
in  the  week  for  tapping,  and  will  not  do  it  at  other  times.  No  one 
but  the  person  regularly  employed  to  make  the  taps  should  be 
allowed  to  make  any  connection  whatever  with  the  mains.  Any 
work  done  upon  the  mains  should  only  be  done  by  the  regular 
employees,  for  that  purpose,  of  the  department  or  company.  The 
plumber  employed  by  the  consumer  digs  the  ditch  and  has  every- 
thing in  readiness  for  the  tapper,  whose  work  ends  with  the  putting- 
in  of  the  corporation -cock.  A  charge  is  usually  made  for  the 
cock  and  tapping,  and  it  is  frequently  the  custom  for  the  company 
or  department  to  furnish  the  service-cock  and  box  and  the  cock  for 
the  cellar  at  established  prices,  in  order  to  insure  uniformity. 

A  complete  record,  giving  all  details,  should  be  kept  of  every 
tap  and  connection  made. 
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A  FEW  HINTS  TO  STUDENTS  OF  IRRIGATION  ENGI- 
NEERING. 

By  a.  M.  RYON.  E.  M. 

If  ever  an  accounting  of  good  works  is  made,  the  engineering 
profession  will  not  be  found  in  the  back  row ;  but  if  by  chance 
the  designers  of  iron  and  steel  work  for  high  buildings  should  be 
found  on  the  doubtful  bench,  assuredly  they  will  not  have  the 
company  of  irrigation  engineers  to  console  them.  It  is  difficult  to 
imagine,  from  a  professional  standpoint,  a  more  satisfactory  work 
than  the  conversion  of  an  arid  desert  into  fertile  fields  with  the 
accompanying  population  and  improvements. 

In  the  United  States  much  work  of  this  nature,  involving  no 
great  amount  of  engineering  skill,  has  already  been  done  in  the 
way  of  running  small  ditches  from  the  streams  and  distributing 
the  water  where  desired.  Many  large  canals  requiring  a  consider- 
able degree  of  engineering  skill  and  experience  for  their  proper 
construction  have  also  been  built,  so  that  the  land  upon  which 
water  may  be  profitably  placed  by  individuals  or  small  companies 
of  limited  means  is  now  becoming  scarce.  The  engineering  work 
of  the  future  will,  therefore,  consist  of  enterprises  involving  the  de- 
sign and  construction  of  canals  of  large  capacity  with  their  ac- 
companying dams,  gates  and  other  fixtures. 

Graduates  from  our  engineering  colleges  receive  a  preliminary 
training,  which,  if  properly  continued  after  graduation,  particularly 
fits  them  to  occupy  prominent  and  permanent  positions  in  this 
great  work  of  reclamation. 

The  irrigation  engineer  should  not  be  content  to  merely  design 
and  construct  these  works,  leaving  the  care  and  management  of 
them  after  completion  to  business  men  or  farmers,  with  a  few 
ditch  tenders  to  assist.  If  the  engineer  would  inform  himself  of 
the  irrigation  laws  and  also  of  the  business  side  of  the  undertaking 
he  might  become  a  more  prominent  figure  in  the  councils  of  the 
Company  and  would  have  a  better  opportunity  to  impress  upon 
the  owners  the  necessity  of  good  management  of  the  property 
when  completed,  as  well  as  what  constitutes  good  management. 

The  average  Westerner  is  obliged  to  rely  upon  his  own  inventive 
powers  to  a  great  extent,  having  no  precedents  to  guide  him  in 
many  matters  ;  this  naturally  makes  him  self  reliant,  and  possibly 
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over-confident  of  his  own  abilities.  It  is  this  feeling  of  confidence 
which  often  impels  men  to  undertake  work  for  which  they  are  not 
fitted  and  which  frequently  results  in  great  and  unnecessary  ex. 
pense  to  themselves.  Unfortunately,  such  men  are  often  blind  to 
the  loss,  or  they  consider  that  another  would  probably  have  made 
similar  blunders  under  the  same  conditions.  The  value  of  the 
services  of  a  trained  engineer  is  not  appreciated  in  such  com- 
munitieSy  as  he  is  apt  to  be  regarded  as  a  theoretical  person  who 
may  be  made  use  of  to  locate  corners  or  run  levels,  but  of  vtxy 
uncertain  value  when  it  comes  to  "practical"  matters.  We  can- 
not blame  the  Westerner  for  this  attitude,  as  he  is  more  familiar 
with  the  surveyor  than  with  the  engineer,  and  the  distinction  be- 
tween the  two  is  not  always  clear  to  him.  This  state  of  affairs 
naturally  prejudices  the  interest  of  the  engineer  and  makes  it  nee- 
essary  for  him  to  demonstrate  his  value. 

However,  it  is  comforting  to  know  that  every  day  brings  in- 
creased recognition  in  the  West  of  the  value  of  the  services  of  the 
irrigation  engineer,  not  only  as  a  designer  and  constructor,  but  as 
general  manager  for  large  irrigation  works. 

At  first  sight  projects  for  the  reclamation  of  arid  land  present 
rather  an  alluring  appearance  to  the  speculative  capitalist;  a  closer 
inspection,  however,  is  apt  to  have  a  dampening  effect.  A  con- 
siderable amount  of  labor  and  close  figuring  is  apt  to  result  in  fail' 
profits  to  the  investor,  but  excessive  profits  are  difficult  to  realize. 
The  reason  for  this  may  be  seen  from  what  follows. 

The  proper  and  most  satisfactory  organization  is  that  in  which 
the  owners  of  the  land  are  also  owners  of  the  canal  and  water 
right.  This  will  be  readily  seen  when  it  is  borne  in  mind  that  the 
land  is  practically  valueless  without  water  in  quantities  sufficient 
for  irrigation.  In  some  communities  large  districts,  with  all  their 
improvements,  are  bonded  for  the  purpose  of  raising  funds  to 
supply  the  necessary  water.  Often  the  entire  labor  of  construct- 
ing canals  is  done  by  farmers  owning  land  to  be  supplied,  thereby 
receiving  water  privileges  in  return.  These  methods  necessitate 
the  outlay  of  a  comparatively  small  amount  of  ready  money  by 
those  benefited  and  are  entirely  practicable. 

Where  the  canal  is  built  by  capitalists  who  have  purchased  arid 
lands  in  large  quantities,  hoping  to  sell  to  settlers  upon  the  com- 
pletion of  the  work,  thus  necessitating  a  large  outlay  of  money 
which  can  bring  no  return  until  land  is  disposed  of  to  purchasers. 
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failure  will  be  the  probable  result.  The  reason  being  that  farmers, 
as  a  rule,  have  but  little  ready  money,  and  those  who  have  money 
prefer  not  to  experiment  by  moving  into  new  and  untried  fields* 
As  a  result  the  interest  charges  on  sums  paid  for  land  and  canal, 
which  bring  little  or  no  return  for  long  periods,  eventually  reach 
such  a  figure  as  to  preclude  the  possibility  of  the  investor  ever 
realizing  a  fair  retnrn  on  his  investment. 

I  believe  that  it  is  not  outside  the  province  of  the  irrigation 
engineer  to  study  the  conditions  favorable  and  unfavorable  to  the 
success  of  the  project  from  a  financial  as  well  as  from  a  strictly 
engineering  standpoint  and  to  use  this  information  to  warn  his 
employer  of-  pitfalls.  A  good  lawyer  will  not  only  use  his  influ- 
ence to  keep  his  clients  from  calamitous  lawsuits,  but  he  will  also 
place  his  knowledge  of  men  and  affairs  at  the  disposal  of  those 
who  employ  him.  I  see  no  reason  why  an  engineer  should  not 
occupy  much  the  same  position.  A  fee,  no  matter  how  large,  will 
not  repay  a  conscientious  engineer  for  encouraging  a  project,  even 
by  his  silence,  which  is  bound  to  result  in  a  loss  to  those  who  em- 
ploy him.  Even  if  the  warning  be  disregarded,  there  can  be  but 
little  pleasure  in  looking  back  at  a  work  done  which  failed  in  the 
object  for  which  it  was  commenced. 

In  India,  where  irrigation  works  are  constructed  by  the  govern* 
ment,  and  in  some  portions  of  Spain  and  Italy  we  find  some  very 
substantial  masonry  construction,  such  as  the  engineer  delights  in. 
In  the  United  States,  where  interest  rates  are  high  and  first  cost  a 
prime  consideration,  we  are  obliged  to  use  cheap  material,  which 
brings  the  interest  bill  down,  but  also  brings  the  maintenance  bill 
up.  As  a  rule  financial  considerations  necessitate  a  cheap  con- 
struction of  new  irrigation  plants,  although  more  permanent  con- 
struction may  sometimes  gradually  replace  the  old  work  with 
advantage. 

The  designing  of  the  various  details  of  a  canal,  as  well  as  the 
surveys,  is  essentially  an  engineering  problem,  although  it  may  be 
difficult  to  convince  some  ranchmen  that  such  is  a  fact.  We  have 
first  the  reconnoissance,  then  the  preliminary,  and  finally  the  loca- 
tion surveys,  followed  by  the  construction  of  the  canal.  As  a  rule 
the  larger  the  canal  the  more  carefully  this  work  should  be  at- 
tended to.  In  the  case  of  a  ditch  carrying  from  i  cu.  ft.  to.  say, 
10  cu.  ft.  per  second,  these  surveys  may  often  be  advantageously 
combined  in  one  operation.     A  very  common  rule  in  the  West  for 
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small  ditches  is  to  lay  them  out  with  a  grade  of  ^  inch  to  the 
rod,  but  it  is  quite  essential  that  the  slope  be  in  the  right  direction. 
I  have  cfti  more  than  one  occasion  seen  **  monuments"  as  results 
of  the  efforts  of  cheap  (?)  surveyors.  The  main  trouble  with 
these  "monuments"  seems  to  be  that  they  will  only  carry  water 
towards  the  source  of  supply.  It  is  needless  to  say  that  this  sort 
of  surveying  has  resulted  in  several  parties  "  going  broke,"  as  the 
mistake  is  not  apt  to  be  noticed  until  after  the  ditch  is  completed. 

For  the  survey  of  a  small  ditch,  in  the  absence  of  a  wye  level,  a 
straight  edge  one  rod  long,  with  a  small  spirit  level  attached,  is 
often  employed ;  a  small  block  attached  at  the  end  of  the  rod 
serves  to  indicate  the  grade.  Cuts  and  fills  are,  as  a  rule,  avoided. 
If  it  is  desired  to  cross  a  low  place  a  flume  should  be  used,  as 
ditches  placed  in  artificial  banks  are  apt  to  prove  troublesome  by 
reason  of  washouts,  caused  by  leakage  and  by  cattle. 

The  topography  of  the  ground  and  the  character  of  the  soil 
through  which  a  canal  is  to  pass  is  a  matter  requiring  the  careful 
attention  of  tHfe  designer.  In  general  a  steep  side  hill  requires 
a  deep  ditch,  while  a  shallow  construction  may  be  advantageously 
used  on  flat  ground.  Tunnels  should  have  a  steep  grade  on  ac- 
count of  the  roughness  of  their  sides,  if  unlined,  and  in  order  to 
reduce  their  cross  section  to  a  minimum  ;  very  steep  side  hills  will 
require  a  flume,  but,  as  a  flume  involves  a  heavy  bill  for  main- 
tenance, masonary  may  sometimes  be  substituted  with  advantage. 

In  the  arid  West  we  frequently  find  a  white  soil,  composed 
mostly  of  sjlica  and  carbonate  of  lime,  which  may  be  reduced  to 
a  fine  powder  by  rubbing  between  the  fingers.  Although  this 
material  is  so  hard  that  blasting  may  sometimes  be  used  with 
advantage  in  passing  through  it,  contact  with  water  reduces  it  to 
a  condition  approximating  quicksand.  Where  much  of  this  ma- 
terial is  found  on  a  steep  side  hill  the  engineer  would  do  well  to 
change  the  line  of  the  canal,  if  possible,  so  as  to  avoid  the 
difficulty,  otherwise  there  will  be  trouble  ahead. 

Gravel  is  a  material  which  would  impress  many  as  being  partic 
ularly  undesirable  for  a  canal  bank,  on  the  ground  that  a  material 
suitable  for  filtering  purposes  cannot  be  desirable  where  a  water- 
tight construction  is  needed.  This  sounds  reasonable,  yet  we  have 
numerous  examples  of  side-hill  work  in  gravel  which  are  satisfac- 
tory in  every  way.  It  is  true  that  a  gravel  bank  will  allow  large 
quantities  of  water  through  at  first,  but  it  will  not  wash  out,  and 
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where  the  water  carries  silt,  as  is  generally  the  case  in  irrigation 
canals,  the  openings  are  gradually  filled  on  the  water  side,  and  the 
bank  becomes  tight.  We  will  then  have  a  bank  of  high  specific 
gravity,  not  liable  to  be  perforated  by  animals,  and  one  which 
requires  but  little  expense  for  maintenance. 

These  advantages  will  also  hold  true  for  dams.  As  a  rule  an 
irrigration  canal  is  not  taxed  to  its  utmost  capacity  at  first,  so 
that  the  leakage  at  that  period  is  not  so  objectionable  as  it  would 
be  later. 

Damage  is  frequently  done  to  canal  banks  during  the  winter  by 
the  snow  water  running  down  small  gullies  into  the  canal,  and, 
being  prevented  from  flowing  along  the  canal  by  the  snow  and 
ice,  is  apt  to  make  breaks  by  running  over  the  top  of  the  bank. 
Waste  gates  should  be  placed  at  all  such  places  liable  to  damage. 

During  the  irrigating  season  every  possible  precaution  should 
be  taken  against  a  break  occurring  in  the  canal,  for,  aside  from  the 
damage  to  the  canal  itself  and  the  land  immediately  underneath, 
the  loss  by  reason  of  crops  "  burning  up "  may  be  very  heavy. 
Constant  inspection  is  the  price  of  security  in  thife  direction.    , 

It  sometimes  becomes  desirable  to  carry  water  down  such  steep 
grades  that  the  high  velocity  generated  will  cause  a  scour.  This 
may  be  obviated  by  the  use  of  drops,  as  described  in  works  on 
irrigation,  or  in  some  cases  the  difficulty  will  gradually  disappear 
without  any  special  precautions  on  the  part  of  the  designer.  As, 
for  example,  where  the  soil  contains  much  gravel  or  where  the 
gravel  subsoil  comes  near  the  surface.  In  such  cases  the  ditch 
i  will  scour  until  a  certain  depth  is  reached,  then,  owing  to  the  gravel 

bottom,  it  will  continue  to  widen  but  not  to  deepen.  The  resistance 
due  to  friction  being  increased,  while  the  head  and  volume  of 
water  flowing  remain  the  same,  the  velocity  will  be  decreased  and 
the  lining  of  the  ditch  will  become  of  such  a  character  that  no 
further  damage  will  result.  The  ultimate  dimensions  may  be  ap- 
proximately calculated  for  any  given  case.  If  there  is  liable  to  be 
damage  by  reason  of  the  deposition  of  sand  at  a  point  lower 
down  the  ditch  or  canal,  precaution  should  be  taken  to  use  a  sand 
gate  before  the  mischief  is  done. 

The  head-gate  works  are  worthy  of  the  most  careful  attention  of 
the  designer  and  the  superintendent,  as  an  accident  at  this  point 
may  result  in  very  serious  loss.  For  this  reason  it  is  highly  desi- 
rable to  have  two  independent  gates,  either  of  which  may  be  used 
VOL.  xviii. — 12. 
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in  case  of  a  failure  on  the  part  of  the  other ;  this  may  usually  be 
accomplished  by  carrying  the  canal  for  a  short  distance  in  a  di- 
rection approximately  parallel  to  the  direction  of  the  stream  from 
which  the  water  is  taken.  The  down-stream  gate  in  the  canal 
may  be  used  in  case  repairs  to  the  upper  gate  make  it  necessary 
to  shut  off  the  water  at  that  point.  Where  the  banks  of  a  river  are 
liable  to  be  washed  by  freshets  the  design  of  the  head  works  is 
often  perplexing  and  their  construction  expensive. 

Where  timber  is  used,  as  in  ordinary  practice,  quantities  of  loose 
rock  and  coarse  gravel  are  found  desirable  to  prevent  the  head- 
gate  works  from  floating  off.  This  tendency  to  float  when  the 
gates  are  closed  may  be  corrected  to  a  great  extent  by  placing  the 
gates  as  near  the  down-stream  side  of  the  box  as  practicable,  due 
care  being  taken  to  prevent  the  flowing  water  in  the  canal  from 
scouring  underneath  the  box.  The  gates  themselves  are  usually 
opened  by  inserting  bars  in  openings  in  the  stems  and  prying  with 
a  rock  or  some  block  of  wood  serving  as  a  temporary  fulcrum ;  this 
method  is  rather  crude  and  suggestive  of  the  ranch,  but  has  the 
advantage  of  cheapness  and  answers  fairly  well  so  long  as  the 
stems  last,  very  large  canals,  however,  will  warrant  a  more  expen- 
sive construction  which  can  be  relied  upon  not  to  break  at  just  the 
wrong  time. 

In  the  construction  of  flumes  and  boxes,  no  matter  how  small^ 
avoid  the  temptation  to  use  any  planking  less  than  two  inches 
thick.  Thin  plank  may  be  relied  on  to  warp  and  make  more 
trouble  than  the  saving  in  first  cost  amounts  to.  In  designing 
flumes  see  that  the  side  boards  are  nailed  to  the  bottom  boards, 
rather  than  the  bottom  boards  nailed  to  the  side  ;  this  arrangement,, 
although  an  apparently  trifling  detail,  will  save  much  trouble  in 
maintaining  a  tight  joint  at  that  place.  As  many  examples  of  ex- 
cellent fluming  are  illustrated  in  irrigation  and  mining  publications^ 
further  comment  need  not  be  made  here. 

The  measurement  of  water  in  the  main  canal  may  be  made  by 
means  of  a  current  meter  in  some  straight  flume  not  likely  to  silt 
up.  Several  measurements  with  varying  volumes  of  water  flowing 
should  be  taken  and  the  height  of  the  water  on  a  permanent  gage 
noted  for  each  measurement.  Knowing  the  volume  of  flow  for 
each  of  the  different  heights,  a  curve  can  be  drawn  which  will  give 
the  flow  for  any  intermediate  heights.  In  this  way  the  observer 
can  determine  the  flow  at  any  time  by  merely  noting  the  height 
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of  water  on  the  gage  and  referring  to  a  table  compiled  from  data 
supplied  by  the  curve.  As  flumes  have  a  tendency  to  settle,  these 
measurements  should  be  checked  occasionally.  If  a  permanent 
record  showing  the  flow  at  any  hour  of  any  day  is  desired » a  "  water 
register"  may  be  used.  This  register  consists  of  clockwork  caus- 
ing a  dial  on  a  cylinder  to  revolve,  once  a  day  or  once  a  week,  as 
the  case  may  be,  while  a  float  in  the  water  actuates  a  pen  which 
marks  on  the  dial  the  height  of  the  water. 

Small  sliding  gates  with  a  vertical  motion  are  used  to  regulate 
the  amount  of  water  turned  into  laterals  for  the  use  of  consumers. 
These  gates  are  also  sometimes  used  to  measure,  approximately, 
the  water  flowing  through  them. 

In  many  parts  of  the  West  the  old  fashioned  loose  method  by 
means  of  the  "  miners'  inch  "  or  some  <^  statutory  inch  "  based  on 
the  same  principle  is  still  in  use.  The  popularity  of  this  method  of 
measurement  indicates  that  it  is  not  without  advantages ;  but  the 
superiority  of  the  weir  for  such  purposes  in  any  but  very  new 
countries  is  evident  to  engineers.  Each  succeeding  year  finds 
fewer  adherents  to  rule  of  thumb  methods  and  eventually  the 
miners'  inch  will  become  a  thing  of  the  past  in  this  country. 


Golden,  Colo.,  February  14,  1897. 
Editor  of  the  School  of  Mines  Quarterly: 

Columbia  University,  New  York  City. 

In  my  article  on  "  The  Calculation  of  Copper  Matte  Blast-Fur- 
nace  Charges,"  which  appeared  in  Vol.  XVIIL,  No.  i,  of  the 
Quarterly,  there  is  an  error  which  I  would  like  to  have  cor- 
rected. On  page  2  I  state  **  Manganese  replaces  iron  and  renders 
the  slag  extremely  fusible ;  but  lies  considers  Manganese  as  detri- 
mental on  account  of  its  tendency  to  carry  silver  into  the  Slag. 
Church,  however,  does  not  consider  Manganese  as  detrimental  and 
claims  to  have  made  slags  containing  over  43  per  cent.  MnO 
which  were  remarkably  low  in  silver  (0.5  oz.  per  ton)." 

This  should  read  as  follows : 

Manganese  replaces  iron  and  renders  the  slag  extremely  fusible ; 
but  some  Metallurgists  have  considered  Manganese  as  detrimental 
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on  account  of  its  supposed  tendency  to  carry  silver  into  the  slag. 
His*  has  shown  that  this  is  an  error  and  that  Manganese  is  quite 
as  good  a  flux  as  iron.  Churchf  claims  to  have  made  slags  contain- 
ing over  43  per  cent.  MnO  which  were  remarkably  low  in  silver 
(0.5  oz.  per  ton)." 

As  I  have  unintentially  misquoted  Dr.  lies,  I  hope  you  will 
make  this  correction  in  the  next  number  of  the  Quarterly. 

Yours  truly, 

H.  Van  F.  Furman. 


♦School  of  Minks  Quarterly,  Vol.  V.,  p.  217. 

f  Trans.  Am.  Inst,  M.  E.  Vol.  XV.,  p.  612.    School  of  Mines  Quarterly,  Vol. 
v.,  p.  32a. 


ABSTRACTS.  169 


ABSTRACTS. 


ANALYTICAL  CHEMISTRY. 
By  Elwyn  Waller,  Ph.D. 

Hydrochloric  acid  gas  in  metal  separations,     Moyer  (J.  Am.  Chem.  Soc. 

XVIIL  1029). 

The  oxides  of  the  different  metals  were  placed  in  a  boat,  inside  a  tube, 
and  dry  HCl  gas  passed  over  them,  heat  being  applied  as  might  be  re- 
quired. 

The  following  results  were  obtained  : 

SbgOj  complete  volatization  at  150  to  190^  C. 

PbO  complete  volatilizaton  at  225°  C. 

Separating  Pb  from  Sb.  HCl  gas  passed  cold  until  Pb  was  converted 
to  PbClj,  then  a  gentle  heat  was  applied.  Sb  was  completely  volatilized 
off  in  about  7  hoars. 

BijOg  volatilization  occurred  at  130^  C. 

Separating  £i  from  Pb.  The  gas  was  allowed  to  act  in  the  cold  for  an 
hour,  then  heat  was  applied.  If  the  temperature  was  brought  to  over 
180^  C.  some  PbClj  volatilized.  A  complete  separation  is  attainable, 
but  the  termination  of  the  different  stages  of  the  reaction  is  not  marked 
definitely  by  phenomena  which  can  be  readily  noted. 

CuO  no  action  at  175°  C.  Moistening  with  HCl  solution  and  then 
heating  for  2  hours  gave  complete  conversion  to  CuClj.  Without  previ- 
ous moistening  with  HCl,  the  conversion  was  complete  in  the  course  of 
4  hours. 

Separating  Sb  from  Cu.     Complete  separation  in  8  hours. 

Separating  £i  from  Cu.  Separation  in  7  hours.  A  sharp  raising  of 
the  temperature  toward  the  end  seemed  advantageous. 

As  was  volatilized  in  the  cold  from  Na^AsjO^,  leaving  NaCl. 

Separating  As  from  Cu.    Readily  effected  with  gentle  heat. 

Separating  As  from  Ag.  Reaction  vigorous.  Careful  heating  to 
150°  C.  for  I  to  2  hours  gave  perfect  separation. 

Separating  As  from  Cd.     Separation  perfect  at  150^  C. 

Fe^Og.     Partial  volatilization. 

As  from  Fe.     Separation  imperfect. 

As  from  Zn.     Unsatisfactory  results.     ZnCls  did  not  volatilize. 

As  from  Co  and  Ni.     Satisfactory  volatilization  of  As. 

From  Niccolite  the  As  was  easily  and  completely  separated.  Hibbs. 
(ib.  1044),  has  applied  the  use  of  dry  HCl  gas  in  determining  the  atomic 
masses  of  N  and  of  As. 

Field  and  Smith  (ib.  1051),  have  also  applied  it  to  the  separation  of 
Yd  and  As.  Those  elements  were  obtained  as  mixed  sulphides,  dried, 
and  then  subjected  to  the  action  of  dry  HCl.  Most  of  the  As  was  vola- 
tilized at  ordinary  temperatures.  The  separation  was  made  complete  by 
finally  heating  to  150°  C. 

Kelley  and  Smith  (ib.  1096)  have  found  also  that  AS2S3,  and  SbjSg 
and  SnSj  can  be  volatilized  in  a  current  of  HBr  gas  under  the  same  con- 
ditions.    SnS  subjected  to  the  action  of  dry  HCl  gas  afforded  SnClj 
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which  was  not  volatilized.     Attempts  to  separate  stannic  from  stannous 
compounds  by  this  means,  were  unsatisfactory  in  result. 

Standardizing PermangaruUe  Riegler  (  Fres.  Zts.  Anal.  Chem.  XXXV. 
522.)  The  solution  recommended  contains  9.9654  gms.  pure  H^CjO^ 
2H2O  and  50  cc.  cone.  H2SO4  per  litre.     This  solution  will  keep  well. 

1  CC.=  0.005  S^-  ^2^^2^Z' 

Calcium  carbide  as  a  reducing  agent  in  the  laboratory.  Warren. 
(Chem.  News  LXXV.  2.)  The  results  of  a  few  experiments  are  briefly 
noted.  Heated  with  litharge — alloys  of  Ca  and  Pb  were  obtained.  SnOj 
CuO  or  FejOg  treated  in  the  same  manner  afforded  similar  results  of  no 
practical  value.  Results  with  oxides  of  Mn,  Ni,  Co,  Cr,  Mo  and  W, 
seemed  more  promising.     Experiments  with  other  oxides  are  in  progress. 

Alkalimetric  Indicators,  Crismer.  (Bull.  Ass'n.  Beige  X.  22.)  Re- 
sazurine  is  the  substance  described.  It  is  made  by  dissolving  10  gms. 
resorcin  in  500  cc.  of  ether,  cooling  to  5^C.  and  adding  8  gms.  fuming 
HNO3  diluted  with  ether.  After  standing  several  days,  crystals  will  have 
separated,  which  can  be  collected.  For  use  dissolve  0.20  gm.  in  40  cc. 
N/iqNH^OH  and  dilute  with  water  to  one  litre. 

It  gives  intense  blue  with  alkalies  and  their  carbonates — (also  with 
borax),  ai^  red  with  acids.     It  is  more  sensitive  than  turmeric. 

Verbiese,  (J.  fabr.  sucre.  XXXVII.  20.)  Notes  that  solutions  of  some 
indicators  in  alcohol  (  phenolphthalein  )  often  become  useless  from  for- 
mation of  acetic  acid. 

Calcium  oxalate  precipitation.  Lemvine.  (Bull.  Ass'n.  Beige.  X.  124.) 
To  avoid  the  difficulties  of  filtering  this  precipitate  off  clear,  which  some- 
times is  a  troublesome  matter,  it  is  recommended  to  add  H^C^O^  to  the 
solution  and  then  HCl  until  the  solution  clears.  Then  boil  and  after  a 
time  neutralize  with  a  slight  excess  of  ammonia.  Boil  ten  minutes  when 
the  precipitate  will  easily  separate  and  give  no  trouble. 

Solubility  of  Barium  Sulphate.  Kiister.  (  Zts.  Anorg.  Chem.  XII. 
261.)  The  results  of  Fresenius  and  Hinz  (vid.  Quarterly  XVIII. 
53)  indicate  the  solubility  to  be  i  in  110,000  of  water.  By  testing  the 
electrical  resistance,  the  solubility  is  determined  to  be  i  in  425,000.  This 
result  agrees  with  those  of  Kohlrausch,  Rose,  and  HoUeman. 

Separating  Aluminum  from  Iron.  Gooch  and  Havens.  (Am.  J.  Sci. 
[4]  II.)  It  has  been  noted  that  AlgCl8,H20  is  but  little  soluble  in 
cone  HCl,  while  the  ferric  compound  is  quite  soluble.  Addition  of  a 
sufficient  quantity  of  ether  renders  the  Al  compound  sufficiently  insoluble 
to  afford  a  means  for  quantitative  separation.  The  mixed  chlorides  are 
dissolved  in  as  little  water  as  possible,  strong  cone  HCl  is  added  to  make 
the  volume  up  to  15  to  25  cc,  and  dry  HCl  gas  passed  into  saturation,  the 
solution  being  meantime  kept  cool  by  immersing  the  flask  in  a  current  of 
cold  water.  Then  an  equal  volume  of  ether  is  added,  and  the  mixture  is 
again  treated  with  gaseous  HCl.  The  crystalline  AICI3  is  then  filtered 
off  through  a  Gooch  crucible,  and  washed  with  a  mixture  of  cone  HCl  and 
ether  (saturated  with  HCl  gas).  It  may  then  be  dissolved  in  water  and 
AI2O3  determined  as  usual,  or  the  chloride  may  be  covered  in  the  cru- 
cible with  a  little  pure  HgO  after  drying,  and  then  cautiously  ignited  to 
to  AljOg  finishing  with  the  blast. 

Commercial  Aluminum,  Gouihi^re.  (Ann.  Chim.  Analyt.  I.  265.) 
C»,  Pby  Fe  Ni.  Treat  5  to  i  o  gms.  of  turnings  in  an  Erlenmeyer  flask  with 
successive  additions  of  NaOH  (1:3)  keeping  the  heat  up  all  the  time. 
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Decant  through  a  small  filter,  and  wash  with  boiling  water,  dissolve  the 
Tesidue  in  HNOg — evaparate  off  the  excess  of  acid,  etc.,  add  2cc.  HNO, 

and  electrolyze  at  60  to  65°  C obtaining  Cu  on  one  pole,  and  PbOj  on 

the  other.  Precipitate  Fe  from  the  solution  by  NH4OH,  and  if  Ni  is 
present  redissolve  and  reprecipitate  once  or  twice  more,  finally  electrolyze 
the  filtrate  for  Ni. 

For  SnandSb  dissolve  in  HCl,  nearly  neutralize  with  (NH4)2  COg,  and 
precipitate  by  HjS.  Digest  the  precipitate  for  some  time  warm  with 
(NH4)2S.  Precipitate  by  dilute  HCl,  filter  ignite  to  SnOg  and  weigh. 
Sb  is  rarely  present.  If  the  color  of  the  sulphides  indicates  it,  some  one 
of  the  usual  methods  of  separation  must  be  applied.  Zn  may  be  separated 
in  the  filtrate  from  SnSj  etc.,  by  adding  NaCjHgOj  and  passing  HjS. 

As,  Dissolve  the  sulphides  from  5  gms.  of  the  material  in  a  little  HNO, 
add  H2SO4  evaporate  to  fumes,  evolve  AsHg  in  a  Marsh  apparatus  pass- 
ing the  gas  into  AgNOg.     Weigh  the  Ag  precipitated. 

Si.  Dissolve  5  gms.  in  HCl  with  some  HNO3,  evaporate  to  dryness, 
until  all  acid  is  expelled,  heat  to  iii°-i20°  C,  digest  with  dilute  HCl, 
filter,  wash,  dry  and  calcine  in  a  muffle. 

Carbon.  6oussingault*s  method  is  preferred.  Treatment  with  HgClj 
digestion  in  dilute  HCl,  and  heating  in  a  current  of  H.  One  may  use 
Ullgren's  method — Solution  in  CuClj,  2NH4CI,  and  wet  combustion  with 
H2SO4  and  CrOg. 

•!>.  Rollet's  method.  Heating  2  gms.  in  a  current  of  two  vols.  H  and 
one  vol.  CO 2,  and  passing  the  H2S  obtained  through  AgNOg. 

Analysis  of  Refined  Zinc.  Mylius  &  Fromm.  (Zts.  Amorg.  Chem. 
DC.  148.)  For  Pb,  Cd.  and  other  metals  forming  sulphides  insoluble  in 
(NH4)2S.  Cover  100  gms.  of  the  shavings  with  200  cc.  of  water  and 
add  gradually  HNOg  sufficient  to  dissolve.  Supersaturate  with  ammo- 
nia. Dilute  to  2  litres,  and  add  little  by  little  very  dilute  (NH4)2S 
until  the  precipitate  which  forms  on  the  addition  has  the  clear  white  color 
of  ZnS.  Warm  to  8o°C  and  allow  to  settle.  Filter  and  test  the  filtrate 
with  (NH4)2S  which  should  give  a  perfectly  white  precipitate  of  ZnS 
without  a  trace  of  the  yellow  of  CdS  on  warming.  Dissolve  the  pre- 
cipitate in  HCl,  add  H2SO4  and  evaporate  to  fumes,  dilute,  add  alco- 
hol, filter  out  PbS04.  Saturate  the  filtrate  with  H2S,  then  nearly  neu- 
tralize with  NH4OH,  to  separate  Cd.  Filter  off  and  precipitate  Fe  by 
NH4OH.  The  Cd  and  Fe  precipitates  need  to  be  redissolved  and  re- 
precipitated  to  free  them  from  Zn.  Ag,  Hg,  Cu  and  Bi  can  also  be  deter- 
mined by  this  plan  of  procedure. 

Arsenic  by  ReinscKs  test.  Howe  and  Mertens.  (  J.  Am.  Chem.  Soc. 
XVIII.  953.)  Deposit  on  metallic  Cu  by  boiling,  and  subsequent  vol- 
atilization of  AsjOg,  by  heating  in  a  tube  open  at  both  ends.  The  deli- 
cacy of  the  test  is  fully  that  claimed  by  Reinsch.  (i  part  in  over  300,- 
000.)  The  deposition  of  Sb  on  the  Cu  occurs  with  more  difficulty  than 
As,  the  coating  has  a  distinctly  different  tint,  and  the  sublimate  in  the 
tube  is  amorphous — altogether  different  from  the  crystalline  sublimate  of 
ASjOg. 

Gold  in  Sea  Water.  Sonstadt.  (Proc.  Lond.  Chem.  Soc.  No.  171 
p.  236.)  About  20  gms.  pure  Hg  was  agitated  in  a  fiask  with  about 
half  a  gallon  of  the  water  for  a  long  time,  with  heating  on  a  water  bath 
at  intervals.  The  Hg  was  separated,  washed,  dried  with  bibulous  paper 
and  volatilized  in  a  porcelain  crucible  having  an  uninjured  internal  sur- 
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face.  A  black  residue  remained,  some  of  which  dissolved  off  in  HCL 
The  remainder  was  only  soluble  in  aqua  regia  and  on  cupellation  yielded 
a  minute  button  of  Au.  Sea  water  collected  near  the  shore  and  shipped 
in  casks  appeared  to  contain  less  Au  than  that  collected  further  out  iind 
treated  directly.  The  contact  with  wood,  or  the  separation  of  salt,  naay 
one  or  both  have  caused  this.  Incidentally  it  was  noted  that  the  Hg  ex- 
tracts Ag  also  from  the  sea  water. 

Volumetric  Estimation  of  Lead.  Longi  and  Bona  via  (Gaztta.  XXVI., 
I.  327).     The  various  methods  proposed  have  been  carefully  examined. 

Na2S  solution  affords  an  uncertain  end-reaction. 

Hempel's  method — precipitating  with  oxalic  acid  and  determining  the 
oxalic  acid  in  the  precipitate  or  in  the  filtrate  by  permanganate,  is  only 
serviceable  when  certain  precautions  are  taken  ;  an  excess  of  oxalic  acid 
must  be  used  in  concentrated  solutions,  HNO3  must  be  absent,  and  alco- 
hol must  be  used  to  obtain  the  insolubility  of  PbCgO^. 

The  dichromate  titration,  using  AgNOg  for  the  end-reaction,  is  un- 
satisfactory, the  suspended  PbCrO^,  reacting  with  AgNOg. 

Precipitating  with  K2Cr04  and  determining  the  excess  by  ferrous  salt 
gives  poor  results.  The  use  of  NagSjOo  to  determine  the  excess  is  still 
less  satisfactory.  Addition  of  KI  to  the  nitrate  and  acidifying  with  HCl, 
and  then  titrating  the  I  set  free  by  use  of  NajSgOg  gave  good  results. 

HasweU's  permanganate  method  was  found  unsuitable.  Precipitation 
with  standard  ferrocyanide,  filtering,  and  determining  ferrocyanide  either 
in  filtrate  or  precipitate  by  means  of  permanganate  is  good,  if  atmospheric 
oxidation  of  the  ferrocyanide  is  prevented. 

Electrolytic  Determination  of  Lead,  Neumann.  (Chem.  Ztg.,  XX. 
381.)  The  presence  of  As,  Se  or  Mn,  unless  small  in  amount,  interferes 
with  accurate  determination  of  Pb  (as  PbOj  from  HNOg  solution).  As 
or  Se  above  0.5  per  cent,  is  detrimental,  or  Mn  above  3  per  cent. 

Separation  of  Lead  and  Bismuth.  Benkert  and  Smith.  (J.  Am.  Chem. 
Soc.  XVIII.  1055.)  To  a  solution  containing  known  amounts  of  the  met- 
als as  nitrates,  Na2C03  was  added  nearly  to  neutralization,  then  a  solution 
of  NaCHOj  and  a  few  drops  of  HCHOg.  Then  on  boiling  a  precipitate 
consisting  chiefly  of  basic  bismuth  formate  was  separated.  On  redissolv- 
ing  in  HNO3  and  repeating  the  operation,  a  complete  separation  was 
effected. 

Bismuth  Sulphide.  Stone.  (J.  Am.  Chem.  Soc.  XVII.  1091.)  Prof.  Still- 
man  has  noted  that  if  NaOH  is  added  to  a  solution  of  Bi,  and  the  mix- 
ture is  then  heated  with  (NH4)2S,  a  considerable  amount  of  Bi  is  held 
in  solution.  The  author  finds  this  to  be  correct,  but  has  also  found  that 
Bi2Ss  after  precipitation  from  an  acid  solution  is  practically  insoluble  in 
(N  114)23  solution. 

Determination  of  Bismuth.  Muthmann  and  Mauron.  (Zts.  Anorg. 
Chem.  XIII.  207.)  Precipitation  with  hypophosphorus  acid,  washing 
with  water,  then  with  alcohol,  drying  and  weighing  the  metallic  Bi,  gave 
correct  results. 

Cadmium  Estimation.  Browning  and  Jones.  (Am.  J.  Sci.  11.  [4} 
Oct.,  1896.)  Precipitation  as  CdCOg  and  igniting  after  filtering  through 
paper,  etc.,  gives  low  results,  if  the  product  is  assumed  to  be  CdO.  It  has 
been  surmised  that  this  was  due  to  a  partial  reduction  of  the  CdO.  Fil- 
tration through  an  asbestos  filter  previously  ignited  has  been  found  to 
give  accurate  results. 
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Lead  and  Copper  in  Waters.  Egeling.  ( Med.  Tydschr.  Pharm. 
1896.  113.)  Saturates  with  HjS,  then  shakes  with  about  0.5  gm.  of 
talc,  which  has  been  previously  boiled  in  HNOg.  The  talc  helps  to  col- 
lect the  precipitate  which  may  then  be  filtered  off,  dissolved  etc.  Antony 
and  Benelli  (Gaceta  XXVI.,  I.  218.)  Add  HgClg  and  then  pass  H^S. 
The  HgS  carries  with  it  the  other  sulphides  after  adding  NH^Cl.  On 
heating  the  dried  precipitate  in  a  current  of  HjS,  the  HgS  may  be  vo- 
latilized off,  leaving  the  less  volatile  PbS  etc.,  or  the  precipitate  may  be 
treated  with  H2SO4,  and  weighed  as  PbSO^  after  ignition. 

Coiorimetric  for  Copper,  Heath.  (  J.  Am.  Chem.  Soc.  XIX.  24.)  In 
the  **blue"  test  (comparison  of  NH^OH  solutions)  permanent  stand- 
ards can  be  prepared  by  using  a  sulphate  solution,  and  a  sufficient  excess 
of  NH4OH,  and  keeping  the  standard  tubes  well  stoppered.  Prepare 
standax^s  by  dissolving  0.3  gm.  pure  Cu  in  5  cc.  HNOg  (Gr.  1.4)  and  5 
cc.  cone.  H2SO4  evaporate  to  strong  SOg  fumes,  cool  dilute  with  25.  cc. 
of  water,  and  then  add  strong  NH^OH  sufficient  to  produce  a  clear  so- 
lution. Use  diluted  ammonia  to  (  i  vol.  to  6  of  HjO  )  for  diluting  the 
solution  until  t  cc.  contains  0.0025  g™-  ^u*  Then  make  up  a  set  of 
standards,  containing  from  0.0025  up  to  0.0325  gm.  (o.io  to  1.30  per 
cent,  when  2.5  gms.  of  material  is  taken.)  Dilute  each  up  to  200  cc. 
with  the  weak  NH4OH,  and  stopper  up  tightly.  Of  course  care  in  se- 
lecting stoppered  tubes  of  colorless  glass  and  uniform  calibre  is  necessary. 

To  make  the  test,  pulverize  the  ore,  etc.,  finely,  weigh  out  2.5  gms., 
warm  with  15  cc.  HNOg,  stir,  add  5  cc.  cone.  HjSO^,  boil  down  to 
fumes,  cool,  take  up  with  12  cc.  of  water,  add  excess  of  NH4OH,  filter 
and  wash  with  weak  NHJOH,  stirring  up  the  precipitate  in  the  funnel  oc- 
casionally with  a  rod.  For  a  working  (approximate)  test  making  the  fil- 
trate and  washings  to  200  cc.  mixing  and  comparing  will  suffice.  For  a 
closer  determination,  resolution  of  theFegCOH)^,  etc.,  in  HjSO^  and  re- 
precipitation  with  NH4OH  is  necessary.  In  this  case,  the  first  solution 
should  be  only  about  70  cc.  Another  method,  perhaps  more  accurate,  con- 
sists in  precipitating  the  Cu  from  the  acid  solution  by  means  of  a  strip  of 
Al,  dissolving  the  washed  Cu  in  HNOg  and  H2SO4  as  in  standardizing 
and  continuing  the  operation  as  described  under  that  head,  finally  mak- 
ing up  to  200  cc.  for  comparing. 

Separation  of  Thorium,  Denius.  (J.  Am.  Chem.  Soc.  XVIII.  947.) 
Adding  a  slight  excess  of  potassium  trinitride  to  a  neutral  solution  of  the 
chlorides  and  boiling  for  one  minute  was  found  to  separate  thorium 
quantitatively  for  La,  Di,  Ce,  etc.,  HNg  was  volatilized  during  the  boil- 
ing.    The  reaction  with  Th(N0g)4  was  found  to  be: 

Th(N0g)4  +  4KNg  +  4H2O  =  Th(0H)4  +  4KN0g  -|-  4HNg. 

Separating  Manganese  from  Tungstic  Acid.  Taggart  and  Smith.  (Jam- 
Chem.  Soc.  XVIII.  ioS3),  Digestion  with  (NH4)2S  and  NH4CI,  also 
digestion  with  KoCOg,  were  tried.  Neither  gave  satisfactory  results.  In 
the  first  case  WOg  remained  with  the  MnS  j  in  the  second  some  MnO 
went  with  the  WOg. 

Phosphates  in  Coal.  Campredon.  (Chem.  News,  LXXV.  8).  Fusing 
0.6  gm.  of  the  coal  with  3  gms.  of  a  mixture  of  NagCOg  with  KjCOg 
for  10  to  15  minutes,  extracting  with  acidulated  water  (HCl)  and  de- 
termining by  the  molybdate  method,  is  recommended  as  the  most  accu- 
rate. 

Sulphur  in  Iron  or  Steei.    Boucher.  (Chem.  News,  LXXIV.  76.)  The 
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Fe  is  dissolved  off  by  Cu(NH4)2Cl4.  Instead  of  treating  the  residue 
with  aqua  regia,  as  usual,  it  is  oxidized  with  Br  water  and  HCl,  which 
affords  results  a  little  higher  than  by  the  aqua  regia  method. 

Sulphur  in  Irons,  Phillips.  (J.Am,  Chem.  Soc.  XVIII.  1079.)  An  ac- 
count is  given  of  attempts  to  oxidize  all  the  constituents  in  a  cast-iron  by 
fusion  with  alkaline  oxidizing  agents,  with  especial  view  to  determination 
of  the  S.  White  iron,  pulverized  and  sifted  through  bolting  cloth  showed 
some  unoxidized  carbon  after  fusion  with  NaNOg  and  NajCOg.  When 
some  Na202  was  added  to  the  Hux  no  C  was  unoxidized.  Ferro-man- 
ganese  crushed  and  sifted  was  sufficiently  oxidized  by  fusing  with  NaNOg 
and  NajCOg.  When  NagOj  was  used,  green  NajMnO^  was  formed, 
which  was  not  the  case  without  it.  Gray  iron,  as  finely  subdivided  as 
possible,  left  no  unconsumed  graphitic  carbon  on  fusion  with  NaNOg  and 
Na^CO^. 

The  water  solutions  from  these  fusions,  after  evaporating  with  Br  water, 
acidulating,  etc.,  gave  results  for  S  a  little  higher  than  by  the  ordinary 
method  of  oxidation  by  boiling  with  HNOg. 

Carbon  Dioxide  in  the  Atmosphere,  Letts  and  Blake.  (Proc.  Lond. 
Chem.  Soc.  No.  169.  192.)  The  alkalinity  derived  from  glass  vessels  is 
a  decided  source  of  error  in  the  Peitenkofer  method.  Using  receivers 
and  also  bottles  for  the  standard  solutions  which  had  been  coated  inside 
with  parafTine,  gave  accurate  results. 

Modification  of  the  Gunning  method  for  Nitrates,  Field.  (J.  Am.  Chem. 
Soc.  XVIII.  1 102.)  After  weighing  out  the  material,  and  placing  in  a 
digestion  flask  30  cc.  cone.  H^SO^  and  i  gm.  salicylic  acid  are  added,  and 
it  is  gently  heated  for  some  little  time.  Then  while  warm  6  to  7  gms.  of 
K2S  are  added  in  small  portions  at  a  time,  the  flask  being  well  shaken 
after  each  addition.  Then  the  mixture  may  be  brought  to  a  boil,  and 
kept  at  that  point  until  completed.  An  hour  is  usually  sufficient.  The 
rest  of  the  operation  is  conducted  in  the  usual  manner. 

The  necessity  for  close  attention  to  the  operation  to  prevent  losses  by 
frothing,  etc.,  in  the  ordinary  Gunning  method  is  avoided  in  this  modifi- 
cation. 

Nitrous  acid  in  presence  of  sulphites.  Pechard.  (C.  Rend.  CXXXIII. 
590.)  The  water  or  washings  from  the  lixiviation  of  a  soil  is  brought  to 
a  boil  in  a  flask,  which  is  then  stoppered  and  shaken  from  time  to  time 
until  completely  cold.  Filter  through  bone  black.  Then  place  a  drop 
on  a  porcelain  plate,  add  a  drop  oi  pure  HCl  (Gr  1.21),  spread  with 
platinum  wire  to  the  size  of  a  silver  dime  (half  franc),  and  drop  in  to  the 
centre  a  fragment  of  brucine  the  size  of  a  pin  head.  If  in  the  course  of  5 
minutes  a  coloration  varying  from  vermillion  to  light  yellow  is  observed, 
nitrites  are  present.     The  delicacy  of  the  reaction  is  i  part  in  329,000. 

Cyanide  process.  Laboratory  control.  Furman.  (Am.  Inst.  Min.  Eng. 
Colorado  meeting,  Sept.,  1896.)  KCy  solution  of  0.5  to  0.6  per  cent, 
should  be  used.  The  strength  should  be  determined  from  time  to  time  by 
Test  6. 

I.  Acidity  of  the  ore.  Soluble,  Aafitate  10  gms.  of  pulp  with  50  cc.  of 
water,  filter  and  wash  if  necessary  until  the  washings  are  neutral.  Titrate 
with  N/io  NaOH.  Latent,  Transfer  the  washed  ore  to  an  evaporating 
dish,  covered  with  water,  add  a  known  amount  of  N/i^  NaOH  (excess), 
stir  and  titrate  excess.  Total  acidity  is  the  sum  of  that  soluble  and 
latent. 
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2.  Consumption  of  Cyanide,  Agitate  20  gms.  of  the  ore  with  40  cc.  of 
the  KCy  solution,  filter  off  20  cc.  and  determine  KCy  remaining. 

3.  Percentage  of  Extraction,  Two  tests  a  Agitation  and  b  Percola- 
tion, a.  Add  a  sufficient  CaO  as  neutralizer  (determined  by  test  i )  after 
weighing  out  four  lots  of  one  assay  ton  each.  Then  add  to  each  respect- 
ively, 60  cc.  of  solutions  containing  o.i,  0.3,  0.5,  and  0.75  percent.  KCy. 
Allow  to  stand  48  hours  with  occasional  shaking.  Filter  each,  wash  with 
water  up  to  the  original  bulk.  Test  each  for  loss  of  KCy.  Dry  tailings 
and  assay,  b.  Invert  a  bottle  with  bottom  cut  off,  the  cork  being  pro- 
vided with  a  tube  and  stop  cock.  Use  i  lb.  of  ore  placed  on  a  false 
bottom  covered  with  one  or  two  thicknesses  of  filter  paper.  Pour  on  a 
definite  amount  of  KCy  solution  of  known  strength,  let  macerate  1 2  hours, 
then  slowly  percolate  off  (30  to  40  hours).  Wash  up  to  original  bulk, 
and  test  solution  and  tailings  as  before. 

4*  Cause  of  Cyanide  Consumption,  For  every  part  of  KCy  destroyed, 
a  corresponding  amount  of  metal  enters  into  solution.  Fe,  Al  and  Mg 
oxides  are  the  principal  ones  influencing  the  process.  Sulphides  may  af- 
ford KCyS.  Agitate  100  gms.  of  ore  with  200  cc.  of  KCy  solution, 
filter  off  20  cc.  evaporate  first  alone,  afterward  again  with  strong  H2SO4, 
and  determine  the  oxide  present.  HCl  is  inefficient  in  destroying  the 
cyanides  which  may  be  formed. 

5.  Cause  of  Non- Extraction,  This  may  be  due  to  presence  of  base 
metal,  to  coarseness  of  the  gold,  alloys  of  the  Au  with  Bi,  Fe,  Sb,  etc., 
or  to  soluble  sulphides  present,  or  much  kaolin  or  talc  gangue.  If  pre- 
liminary washing  with  water  and  weak  acid  or  weak  alkali  is  ineffective, 
the  ore  is  not  adapted  to  the  KCy  process. 

Coarse  Au  may  be  overcome  by  amalgamation  before  or  after  treatment. 

Au  alloys  (Bi,  Sb,  Fe,  etc.),  require  fine  grinding  and  long  contact  of 
the  solution.     Roasting  may  be  effective. 

Soluble  sulphides  may  be  overcome  by  use  of  a  Pb  salt  or  an  oxidizing 
agent. 

Much  kaolin  or  talc  in  the  gangue,  or  much  oxidized  Cu  minerals  in 
the  ore,  are  fatal  to  the  process. 

6.  Free  KCy  in  Solution,  Use  a  solution  containing  6.535  S™s. 
AgNOj  per  litre.  On  10  cc.  of  KCy  each  cc.  =  i  lb.  KCy  per  ton 
{2C00  lbs.)  of  solution.  To  the  solution  to  be  tested  add  a  few  drops  of 
a  5  per  cent,  solution  of  KI.  Then  run  in  the  standard  AgNOj  solution 
until  a  permanent  pale  yellow  opalescence  of  Agl  appears,  showing  that 
all  cyanide  has  been  converted  to  KAgCy2.  If  Zn  is  present  an  insolu- 
ble ZnCyj  will  slowly  form  as  soon  as  the  KAgCyj  has  formed.  In  that 
case  the  titration  must  be  rapidly  performed. 

7.  Free  KCy,  To  10  cc.  of  the  solution  add  10  cc  of  KHCOj  solu- 
tion (15  gms.  per  litre),  and  titrate  as  above,  without  the  use  of  KI  indi- 
cator. The  difference  between  the  result  thus  obtained  and  that  found  by 
a  test  without  KHCO3,  gives  a  basis  for  calculating  free  HCy. 

8.  Total  Simple  Cyanides,  To  10  cc.  of  the  solution  add  10  cc.  of 
N/j  NaOH,  dilute  to  65  or  70  cc.  Titrate  with  KI  indicator.  The  re- 
sult gives  total  KCy,  HCy  and  K2ZnCy4  in  terms  of  HCy,  The  amount 
of  NaOH  to  be  added  depends  on  the  amount  of  Zn  compound  present, 
but  an  excesa  is  to  be  avoided. 

9.  Ferro  Ferri-  and  Sulpho-cyanides ,  Titrate  with  standardized 
KjMnjOg  solution  (0.3  to  0.5  gm.  per  litre),  in  H2SO4  solution.  The 
reactions  are : 
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loK^FeCy-  +  K2Mn20g  +  8H2SO4  =  loKjFeCyg  +  6K2SO4  -f 
2MnS04  +  9H2O. 

loKCyS  +  eKjMnaOg  +  13H2SO4  =  iiKjSO^  +  laMnSO^  + 
loHCy  +  8H2O. 

A  knovim  volume  of  the  solution  is  titrated  directly,  another  volume  is 
treated  with  FejClg  the  prussian  blue  filtered  off,  and  the  filtrate  titrated. . 
The  last  gives  KCyS,  the  first  both  KCyS  and  K^FeCy^  in  accordance 
with  the  above  equations. 

Ferricyanide  may  be  determined  by  reducing  to  ferrocyanide,  and 
titration  with  K2Mn20g. 

If  sulphides  are  present,  remove  by  shaking  with  moist  PbCOj  before 
determining  the  compound  cyanides. 

10.  Zinc  and  Lime,     Determine  as  in  test  4. 

11.  Gold  and  Silver  in  Solution,  Evaporate  one  assay  ton  (29.2  cc.) 
in  a  small  lead  tray,  roll  up  the  capsule,  and  cupel.  Alloy  with  Ag  if 
necessary,  and  part  as  usual. 

Analysis  of  Percussion  Cap  Composition.  Jones  and  Wilcox.  (Chero. 
News,  LXXIV.  283.)  The  composition  usually  consists  of  mercury  ful- 
minate, SbjSj  and  KCIO3.  The  difficulties  in  analyzing  it  are  obvious. 
The  authors  have  found  that  the  mercury  fulminate  is  soluble  in  pure 
acetone  saturated  with  ammonia,  whereas  the  other  constituents  are  in- 
soluble. 

An  analysis  can,  therefore,  be  readily  made  by  extracting  a  weighed 
amount  upon  a  weighed  filter,  first  with  acetone  and  ammonia  (which 
should  act  for  3  or  4  hours),  and  afterwards  with  water,  weighing  between. 

A  New  Element — Lucium.  (Chem.  News,  LXXIV.  159.)  M.  Barrien 
has  found  in  monazite  sand  an  oxide  of  a  metal  to  which  this  name  has 
been  given.  It  does  not  form  insoluble  double  salts  with  NagSO^,  or 
with  K2SO4.  It  is  precipitable  by  Na2S203  also  by  H2C2O4.  The 
spectral  rays  approximate  to  those  of  erbium.  Its  oxide  and  salts,  how- 
ever are  colorless.  The  atomic  weight  is  calculated  as  104.  The  use  of 
the  oxide  in  incandescent  lighting  is  patented  by  the  discoverer  (ib.  21 2). 
Crookes  (ib.  259)  finds  Lucium  to  be  impure  Yttrium. 
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Notes  on  Assaying.     By  P.  De  Peyster  Ricketts,  E.  M.,  Ph.  D.,  Pro- 
fessor of  Analytical  Chemistry  and   Assaying ;    and  Edmund  H. 
Miller,  A.  M.  Ph.  D.,  Tutor  in  Analytical  Chemistry  and  Assay- 
ing,  School   of  Mines,    Columbia  University,  New  York.     John 
Wiley  and  Sons,  New  York.     1897.     Rewritten  and  reset,  8vo.,  311 
pp.,  illustrated.     $3.00. 
This  publication  is  intended  by  the  authors  to  replace  "Notes  on  As- 
saying and  Assay  Schemes,"  published   in  1876  and  revised  in  1879. 
This  will  undoubtedly  be  accomplished,  as  the  publication  under  review 
is  up  to  date  and  contains  many  valuable  additions. 

To  successfully  determine  the  amount  of  metals  in  ores  and  alloys  it 
is  necessary  to  be  familiar  to  some  extent  with  chemistry  and  mineralogy. 
This  necessity  has  been  recognized  through  the  entire  work. 
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In  many  cases  rapid  and  latest  methods  of  determination  are  given. 
The  authors  claim  for  all  methods  satisfactory  results  after  careful  trial 
in  the  School  of  Mines  assay  laboratory,  Columbia  University. 

The  subject-matter  may  be  classified  under  the  following  heads :  qual- 
itative determinations  by  blow-pipe  and  chemical  analysis ;  quantitative 
determinations  by  assaying  proper  and  chemical  analysis;  and  labora- 
tory ore*testing. 

The  division  of  the  entire  subject  into  separate  and  well  defined  parts 
assists  the  reader  materially  in  obtaining  a  clear  idea  of  st)ecial  matter 
under  consideration  and  the  relation  of  one  branch  of  worlc  to  another. 

Part  I.  is  devoted  to  an  introduction.  It  comprises  a  description  of 
apparatus,  reagents,  chemicals  and  various  operations,  such  as  weighing, 
washing,  reduction,  inquartation,  parting  and  reporting.  This  division 
of  the  work  is  well  illustrated  and  gives  a  clear  idea  of  all  apparatus  used 
in  weighing,  sampling  and  conducting  a  fire  assay.  The  reagents  and 
chemicals  used  in  the  wet  and  dry  work  are  classified  and  the  formula  of 
each  is  given. 

The  changes  in  weight,  value,  etc.,  produced  by  roasting  an  ore, 
are  appreciated  by  few  and  comprehended  with  some  difficulty.  Some 
clear  statements  on  this  subject  under  roasting  would  have  been  espe- 
cially valuable.  Some  of  the  points  in  question,  however,  can  be  found 
under  the  assay  of  gold  and  silver  ores  and  chlorination  assay  for  gold. 

Part  11.  treats  of  the  determination  of  metals  in  ores  and  bullion  in 
the  dry  way  or  by  assaying  proper. 

The  charges  given  especially  for  gold  and  silver  ores  are  simple,  satis- 
factory and  up  to  date. 

The  accuracy  of  the  gold  and  silver  assay,  the  method  of  determining 
gold  and  silver  in  copper  matte,  and  the  assay  of  silver  sulphide  and 
sweeps  and  the  assay  of  coal  are  given  special  consideration.  The  state- 
ments upon  these  subjects  are  suggestive  and  valuable. 

In  some  of  the  determinations  of  the  base  metals  by  fire  methods  a 
table  is  given  showing  results  obtained  by  various  charges  as  well  as 
chemical  analysis.  Some  definite  statements  might  have  been  made 
about  the  character  of  the  ore  assayed  and  conclusions  drawn.  These 
would  possibly  have  explained  the  low  results  obtained  by  quantitative 
analjTsis  as  compared  with  those  obtained  by  a  certain  fire  assay  on  galena. 

Part  III.  considers  the  analytical  methods  of  determining  silver  in  bul- 
lion, lead,  zinc,  bismuth,  copper,  iron,  manganese,  nickel,  cobalt,  sul- 
phur, arsenic  and  phosphorus.  A  scheme  for  the  determination  of  silica, 
sulphur  and  phosphorus  in  an  iron  ore  concludes  this  part.  From  the 
above  list  the  absence  of  some  important  determinations  will  be  noted. 

Part  IV.  contains  a  most  important  subject,  ore-testing.  The  attempt 
to  determine  the  best  method  of  obtaining  the  greatest  yield  of  gold  and 
silver  from  an  ore  naturally  follows  the  knowledge  of  their  existence. 
There  would  hardly  be  place  in  such  a  publication  as  this  for  the  consid- 
eration in  full  of  the  various  methods  of  treatment.  The  authors  treat 
this  subject  from  an  assay  standpoint,  considering  the  methods  of  reach- 
ing various  results  on  a  certain  test  rather  than  the  application  of  tests  to 
ores.  The  following  laboratory  tests  are  given:  mechanical  assay  for 
gold,  amalgamation,  chloridization  assay,  chlorination  assay,  bromine 
extraction  test,  cyanide  extraction  test  and  Russell-process  extraction 
test 
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The  blow-pipe  tests  and  schemes  for  qualitative  blow*pipe  analysis  are 
most  complete  and  form  one  of  the  most  valuable  and  important  features 
of  the  publication.  This  subject  is  followed  by  schemes  for  qualitative 
analysis. 

Part  V.  contains  valuable  tables,  examples  and  a  bibliography  on 
assaying. 

Serviceable  binding,  good  quality  of  paper  and  neat  letter-press  work 
are  especially  noticeable. 

The  difficulty  of  preparing  a  work  that  will  meet  the  needs  of  the 
practical  man,  as  well  as  the  student,  is  well  recognized  by  all.  In  this 
respect  the  authors  have  been  particularly  fortunate.  Clear«  simple  state- 
ments, free  from  confusing  technicalities,  are  well  proportioned  to  ample 
material  of  a  scientific  nature. 

Considered  collectively  << Notes  on  Assaying''  is  a  manual  of  great 
value.  It  is  a  most  admirable  reference  book  and  text-book  for  technical 
schools.  W.  R.  A. 

The  Gases  of  the  Atmosphere,  The  History  of  Their  Discovery.  By 
William  Ramsey,  F.R.S.  London  :  Macmillan  &  Co.,  Ltd.  New^ 
York:  The  Macmillan  Co.     1896.     Price,  $2.00. 

In  this  work  the  author  has  described  in  popular  language  the  history 
of  the  new  element  argon,  discovered  in  1894,  leading  up  to  the  same  by^ 
the  history  of  the  discovery  of  the  better  known  constituents  of  the  atmos- 
phere. 

The  subject-matter  is  presented  in  a  clear  and  pleasing  manner  and 
comprises :  Chap.  I. ,  The  experiments  and  speculations  of  Boyle,  Mayou 
and  Hales.  Chap.  II.,  *' Fixed  air"  and  "mephitic  air" — ^their discov- 
ery by  Black  and  Rutherford.  Chap.  III.,  The  discovery  of  "  dephlogisti* 
cated  air"  by  Priestley  and  Scheele.  The  overthrow  of  the  phlogistic 
theory  by  Lavoisier.  Chap.  IV.,  **  Phlogisticated  air,"  investigate  by 
Cavendish.  His  history  of  the  composition  of  water.  Chap.  V.,  The 
discovery  of  argon.  Chap.  VI.,  The  properties  of  argon.  Chap.  VII., 
The  position  of  argon  among  the  elements. 

The  author's  easy  style  and  interesting  manner  gives  a  charm  to  the 
work  that  should  make  it  attractive  to  the  scientific  as  well  as  the  general 
public.  It  is  particularly  recommended  to  those  who  desire  the  knowl- 
edge but  who  have  not  had  the  special  scientific  training  necessary  for  a 
proper  understanding  of  scientific  and  technical  literature. 

The  work  is  illustrated  by  wood-cut  portraits  of  Hales,  Boyle,  Mayou, 
Black,  Rutherford,  Priestley,  Lavoisier  and  Cavendish.  The  volume 
covers  240  pages  on  board  covers.  The  typography  is  clear  and  the 
paper  of  good  quality.  J.  S. 

Alternating  Currents  and  Alternating- Current  Machinery.     By  D.  C. 
Jackson,  C.E.,  and  J.  P.  Jackson,  M.  E.    New  York :     The  Mac- 
millan Co.     718  pp.,  25  tables  and  321  diagrams  and  illustrations. 
Price,  ^3.50. 
This  treatise  very  aptly  forms  the  second  volume  of  the  Text-book  on 
Electro-magnetism  and  the  Construction  of  Dynamos,  the  first  having 
been  confined  to  Direct  Current  work. 

The  opening  chapter,  devoted  to  the  considerations  which  determine 
the  form  of  the  electro-motive-force  curve  produced,  is  followed  by  one 
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giving  the  various  windings  for  alternator  armatures,  illustrated  by  nu- 
merous diagrams  which  aim  to  set  forth  the  principles  rather  than  present 
an  actual  working  winding. 

Self-induction  and  Capacity  form  the  heading  of  Chap.  III.,  which  ex- 
tends over  100  pages.  Here  the  authors  discuss  the  effects  of  these  quali- 
ties on  the  current  flow,  besides  giving  numerous  methods  for  measuring 
and  determining  the  various  other  quantities  involved  in  describing  the 
flow  of  current  due  to  an  harmonic  electro  motive-force. 

The  following  70  pages  are  devoted  to  the  elaboration  of  graphical  and 
analytical  methods  of  solving  problems  in  alternating-current  circuits. 
Although  this  chapter  is  no  doubt  very  useful,  yet  in  the  opinion  of  the 
reviewer  it  might  be  greatly  boiled  down  and  be  of  still  greater  value  to 
the  student,  if  instead  of  presenting  a  multiplicity  of  examples  the  under- 
lying principles  were  tersely  stated.  ' 

These  subjects  being  disposed  of,  facts  are  next  presented  relating  to 
the  practical  construction  of  alternators.  The  questions  here  considered 
are :  The  magnetic  circuit,  field  windings,  the  self-inductance  of  the 
armature  and  the  various  losses,  besides  characteristics,  regulation  and 
efficiencies. 

A  discussion  of  Mutual  Induction  pointing  out  the  relations  which 
exist  between  two  adjacent  circuits,  one  or  both  of  which  carry  an  alter- 
nating current,  besides  allowing  the  authors  to  present  methods  of  mea- 
suring mutual  inductance,  serves  as  an  admirable  introduction  to  the 
Transformer.  This  branch  of  the  subject  is  dwelt  upon  at  some  length, 
beginning  with  the  operation  of  an  ideal  transformer,  then  noting  the 
effect  of  copper  and  iron  losses,  with  methods  of  determining  these  losses, 
and  ending  with  an  admirable  chapter  on  the  design  of  transformers. 

Polyphase  conducting  systems  and  the  measurement  of  power  in  poly- 
phase circuits  form  the  subject  of  a  brief  but  very  practical  chapter  in 
which  special  reference  is  made  to  methods  employed  in  practice.  A 
very  extended  discussion  on  alternating- current  motors  presents  the  prin- 
ciples underlying  their  action  and  adds  much  to  the  merit'of  the  work. 

A  short  chapter  on  polyphase  transformers  closes  the  work,  to  which 
are  added  several  appendices  on  Resonance,  Electrical  Oscillations,  etc. 

The  treatise  possesses  much  merit,  being  logical  in  its  arrangement,  and 
the  explanations  and  deductions  being  clearly  stated  in  as  elementary  a 
manner  as  the  nature  of  the  subjects  will  permit.  D^ta  is  here  presented 
some  of  which  can  only  be  dug  out  of  technical  periodicals,  while  the 
rest,  up  to  the  present  time,  has  been  entirely  inaccessible  to  the  student 
and  ordinary  engineer.  The  main  value  of  the  book  lies  in  its  innumer- 
able references,  which  give  not  only  evidence  of  the  great  care  used  in 
Its  preparation,  but  also  make  it  almost  an  encyclopedia  on  this  subject. 
The  authors  are  certainly  to  be  congratulated  on  producing  the  first  work 
deserving  the  name  of  text-book  on  this  important  and  difficult  branch  of 
electrical  engineering.  W.  H.  F. 

Mechanics  of  Pumping  Machinery,      By  Dr.   Julius   Weisbach  and 

Professor  Gustav  Hermann.     Translated  from  the  second  German 

edition  by  Karl  P.  Dahlstrom.   The  Macmillan  Company.    1897. 

With  197  illustrations;  300  pages,  with  index.     Price,  ^3.75. 

This  book  carries  forward  the  work  of  its  distinguished  German  authors 

along  the  same  lines  as  the  similar  section  upon  hoisting  machinery.     It 
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has  been  supplemented  by  adding  to  the  original  text  some  developments 
of  more  recent  pumping  practice  with  a  certain  number  of  illustrations. 

There  are  six  chapters.  The  first  covers  the  more  elementary  types  of 
water- lifting  apparatus,  beginning  with  the  old  well  sweep,  which  is  the 
immediate  derivative  of  the  simple  bailing  of  water,  and  passing  from  that 
to  the.  appliances  for  throwing  water  by  scoops  and  the  water  balance. 
The  water  balance  passes  directly  into  the  flash  wheel  and  the  latter  into  the 
scoop  wheel,  which  are  very  completely  illustrated  with  calculations  and  ex- 
amples. The  flash  or  scoop  wheel  passes  into  the  chain  pump  and  the  bucket 
elevator,  in  which  class  of  course  the  Noria  belongs^  and  in  its  discussion 
certain  interesting  names  are  introduced  which  are  novelties  to  most 
readers.  The  old  style  of  cistern  pump  with  disks  concentric  on  the 
links  of  the  chain  are  called  " Paler-noster "  pumps,  or  "Rosary" 
pumps,  both  of  which  terms  seem  specially  felicitous  bits  of  description. 
The  Archimedean  water  screw,  passing  into  the  Dutch  screw,  which  is 
really  a  screw  elevator  and  applicable  to  handling  loose  material  like 
grain,  completes  the  appliances  of  the  first  chapter. 

The  second  chapter  takes  up  reciprocating  pumps.  The  author  sepa- 
rates pumps  from  other  hydraulic  lifting  appliances  by  introducing  as  a 
difference  their  peculiarity  of  having  the  water  subjected  to  a  pressure  in 
the  operating  chamber  sufficient  to  balance  or  exceed  that  exerted  by  the 
required  lift.  The  special  features  of  piston  and  plunger  pumps,  single 
and  double-acting  pumps,  and  the  characteristic  features  of  pump  valves, 
both  in  the  conventional  and  in  some  unusual  forms,  cover  the  contents  of 
the  second  chapter.  The  third  is  devoted  to  the  theory  of  reciprocating 
pumps ;  the  questions  of  inertia  and  lifting  force  of  moving  water,  the 
wasteful  resistances  and  the  efficiency  are  discussed,  and  the  bearing 
which  they  have  on  the  volumes  of  water  chambers,  etc.,  are  treated  with 
illustrative  examples. 

The  fourth  chapter  presents  many  illustrations  of  typical  reciprocating 
pumps,  with  special  reference  to  fire-engine  practice,  although  it  covers 
also  the  methods  of  operating  mine  pumps  by  water  pressure  and  illus- 
trates certain  typical  forms  of  American  and  Cornish  pumps.  But  it  does 
not  constitute  an  exhaustive  treatment  of  water-works  pumping  engines, 
although  many  of  the  fundamental  principles  for  such  engines  are  laid 
down  and  illustrations  are  presented  of  Gaskill,  Worthington  and  AUis 
pumps.  The  translator  appends  a  bibliographic  reference,  where  the 
reader  will  find  much  of  descriptive  material  to  supplement  the  lack  of 
the  original  treatise. 

The  fifth  chapter  discusses  the  rotary  and  centrifugal  pump,  presenting 
both  illustrative  types  of  oscillating  pistons  and  of  continuously-moving 
rotating  pistons.  The  centrifugal  pump  theory  is  not  specially  difficult 
and  is  discussed  at  all  necessary  length.  The  final  chapter  covers  the  jet 
or  impulse  hydraulic  machines  using  water  upon  water,  steam  upon 
water,  air-lift  pumps  and  siphons.  There  is  a  discussion  also  of  spiral 
pumps,  which  is  a  form  of  apparatus  but  little  used  in  the  practice  with 
which  the  writer  is  familiar. 

This  book  will  be  found  a  convenient  addition  to  the  other  books  on 
the  subject  of  hydraulic  engineering  and  has  been  very  excellently  well 
done  as  a  piece  of  book-making  and  translation.  It  leaves,  however,  in 
common  with  so  many  treatises  of  the  same  sort  a  species  of  dissatisfac- 
tion behind  it,  in  that  because  it  is  so  good  in  what  it  does  do,  it  should  not 
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have  been  better.  It  does  Dot  give  the  practical  aid  which  is  needed  by 
the  person  who  is  actually  engaged  in  the  work  of  design  laid  upon  him, 
and  is  very  full  and  complete  upon  subjects  which  the  American  engin- 
eer is  very  unlikely  to  be  called  on  to  discuss.  It  is  becoming  more  and 
more  the  case  that  hydraulic  machinery,  along  with  so  many  other  de- 
partments of  engineering,  is  becoming  a  specialty  and  in  its  subdivisions 
the  general  practitioner  in  need  of  an  appliance  is  most  likely  to  arrange 
with  a  specialist  manufacturer  to  supply  him  what  he  needs.  This  ten- 
dency reacts  to  compel  the  specialist  to  know  much  more  on  the  subject  of 
his  specialty  than  such  general  treatises  seem  to  be  able  to  include, 
whereby  they  are  made  unsatisfactory  to  him.  This  condition  makes 
book-making  which  shall  be  satisfactory  more  difficult  than  it  used  to  be, 
and  perhaps  is  the  occasion  for  the  sense  of  disappointment  which  so 
often  accompanies  the  examination  of  what  are  really  standard  works. 

F.  R.  H. 

Colliery  Surveying,     A  primer  designed  for  the  use  of  students  and  col- 
liery manager  aspirants.     By  T.  A.  O'Donahue,  M.  E.,  editor  of 
Mining  Engineering,     First-class  certificated  colliery  manager,  etc. 
New  York :  The  Macmillan  Company.     1896.     163  pages.     Price, 
80  cents. 
Several  accounts  of  the  instruments  and  methods  used  in  underground 
surveying  have  recently  appeared  in  this  country,  but  they  have  been 
written  with  special  reference  to  the  conditions  prevailing  in  metal  mines, 
and  have  presupposed  a  considerable  knowledge  of  the  principles  of  land 
or  surface  surveying.     In  this  little  book  the  aim  of  the  author  appears 
to  have  been  to  make  his  exposition  of  the  subject  complete  in  itself,  so 
far  as  space  permitted,  and  holding  in  view  the  fact  that  it  is  intended  for 
beginners.     He  opens  with  a  brief  description  of  the  construction  and 
use  of  the  ordinary  draughting  instruments,  a  resume  of  the  geometrical 
theorems  and  rules  of  mensuration  usually  employed,  and  the  principles 
of  surface  surveying.    Then  follows  a  concise  explanation  of  vernier  read- 
ing and  a  short  description  of  the  compass  and  theodolite.      Having 
reached  this  point,  however,  we  regret  that  our  anticipations  on  taking 
up  the  book  have  not  been  realized.     While  we  do  not  lose  sight  of  the 
fact  that  it  is  intended  to  cover  only  comparatively  simple  colliery  sur- 
veying, and  as  such  it  has  been  unnecessary  to  take  up  the  difficulties 
often  met  in  highly  inclined  and  irregular  mineral  deposits,  still  in  some 
of  the  chapters  brevity  has  been  carried  to  excess,  and  several  important 
omissions  are  apparent.    The  most  serious  omission  is  that  of  the  methods 
of  shaft  surveying.     No  mention  whatever  is  made  of  the  delicate  and 
often  difficult  operation  of  carrying  lines  down  shafts,  and  there  is  only 
a  bare  reference  to  the  connecting  of  the  underground  survey  with  the 
surface.     In  these  matters,  as  in  most  others  pertaining  to  underground 
surveying,  principles  are  easily  comprehended  by  those  who  have  had 
some  training  in  surface  surveying.     The  special  manipulation  required 
underground,  however,  and  the  methods  of  surmounting  the  difficulties 
there  encountered,  should  be  clearly  set  forth  in  detail  in  any  book 
designed  for  the  instruction  of  students  and  beginners.     We  think,  also, 
that  the  useful  3-tripod  system  of  running  traverses  should  have  received 
more  attention  from  the  author.     The  chapters  on  leveling  and  on  the 
platting  of  surveys  are  probably  the  most  satisfactory  in  the  book.     As 
vou  XVIII. — 13. 
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the  English  mining  terms  and  phraseology  often  differ  materially  from 
those  in  this  country,  some  care  is  occasionally  required  to  obtain  a  clear 
understanding  of  the  author's  meaning.  In  an  appendix  is  given  a 
series  of  115  examination  questions  in  mine  surveying  which  may  be- 
found  useful.  R.  P. 

A  Text-Book  of  Plane  Surveying.  By  William  G.  Raymond,  C.E.^ 
Member  American  Society  of  Civil  Engineers ;  Professor  of  Geodesy^ 
Road  Engineering  and  Topographical  Drawing  in  Rensselaer  Poly- 
technic Institute.  American  Book  Company:  New  York,  Cin- 
cinnati and  Chicago.  i2mo,  cloth,  485  pages.  Illustrated.  Price,. 
$3.00.   . 

This  work,  as  its  title  and  the  experience  of  the  author  both  in  teach- 
ing and  practice  would  indicate,  is  a  manual  for  the  study  and  practice- 
of  plane  surveying.  Special  care  has  been  taken  to  present  each  subject 
in  a  clear  and  concise  manner  and  with  ample  illustrations.  General 
methods  are  given  first  in  each  case  and  followed  up  by  presenting  the- 
subject  in  greater  detail;  a  method  of  instruction  most  agreeable  to 
both  teacher  and  pupil,  also  facilitating  the  use  of  the  book  for  reference 
purposes. 

The  book  proper  is  divided  into  two  parts.  Book  I.  comprises  the  de- 
scription of  all  the  instruments  used  in  ordinary  plane  surveying,  includ- 
ing the  more  modern  types,  and  also  their  elementary  use,  being  divided^ 
into  six  subjects,  viz.:  The  Measurement  of  Level  and  Horizontal  Lines, 
Vernier  and  Level  Bubble,  Levelling,  Determination  of  Direction  and 
Measurement  of  Angles,  Stadia  Measurements,  and  Land  Survey  Compu- 
tations. 

Under  the  first  head  the  illustration  given  of  the  proper  position  for  a. 
head  chainman  would  seem  to  be  rather  awkward,  but  may  have  ad- 
vantages not  at  first  apparent.  The  numerous  '<  Hints"  and  practical 
suggestions  should  be  of  great  value  to  a  young  and  inexperienced 
engineer.  The  subject  of  Level  Survey  Computations  has  received  spe- 
cially careful  attention  and  has  been  most  systematically  arranged.  It  in- 
cludes the  description  and  use  of  the  Planimeter  and  the  Slide  Rule,  the 
article  upon  the  latter  being  written  by  C.  W.  Crockett,  C.E.,  A.M., 
Professor  of  Mathematics  in  the  Rensselaer  Polytechnic  Institute. 

Book  IL  comprises  General  Surveying  Methods  and  devotes  particular 
attention  to  City  Surveying, Topography,  Earthwork  Computations,  Hydro- 
graphic  and  Mine  Surveying.  The  particular  forms  of  instruments  used 
in  Hydrographic  and  Mine  Surveys  are  treated  under  these  heads,  and  the 
Plane  Table  under  that  of  Topography.  In  connection  with  Topography^ 
and  Mining  the  colored  plates  at  the  back  of  the  book  are  excellent  ex- 
amples of  maps  finished  as  in  actual  practice,  and  are  a  new  feature  for  a 
work  of  this  kind. 

The  appendix  affords  numerous  practical  problems,  such  as  the  young 
surveyor  is  apt  to  meet  with  outside,  and  should  be  of  great  value  for 
practice  before  going  into  the  field. 

The  articles  on  **The  Judicial  Functions  of  Surveyors,"  by  Justice 
Cooley,  of  the  Michigan  Supreme  Court,  and  on  **  The  Ownership  of  Sur- 
veys," by  the  author,  are  valuable  hints  to  the  beginner.  The  tables  have 
been  most  carefully  prepared  and  for  their  size  are  most  valuable.  The 
printing  of  the  logarithmic  tables  upon  timed  paper  makes  them  easy  of 


BOOK  REVIEWS,  183 

access ;  large  and  clear  type  is  used,  and  the  paging  is  so  arranged  that 
logarithms  of  all  numbers  beginning  with  a  given  figure  may  be  found 
without  turning  the  page.  Five  place  tables  have  been  adopted,  and  the 
arrangement  for  tenths  of  a  minute  instead  of  for  seconds,  renders  the 
book  more  serviceable  both  for  practical  and  theoretical  purposes. 

T.  H.  H. 

Elements  of  Geometry.  By  Andrew  W.  Phillips,  Ph.  D.,  and  Irving 
Fisher,  Ph.  D.,  Professors  in  Yale  University.  Harper  &  Brothers. 
1896. 

This  important  treatise  makes  evident  that  its  authors  have  spent  great 
pains  upon  revivifying  the  presentation  of  the  subject  to  students.  While 
the  demonstrations  are  rigid,  the  method  of  discussion  is  practical,  and 
the  reasoning  simple  and  clear. 

The  constructions  in  the  plane  geometry  are  distributed  so  that  the 
student  is  taught  how  to  make  a  figure  before  he  is  required  to  use  it  in 
demonstration.  The  definitions  are  also  distributed  as  needed,  but  cor- 
ralled in  an  alphabetical  index.   Exercises  are  plentiful  and  well  selected. 

**  The  Theory  of  Limits  '*  is  treated  with  vigor ;  the  chapter  on  *'  Ratio 
and  Proportion  *'  is  thorough,  and  throughout  the  work  natural  and 
symmetrical  methods  of  demonstration  are  favored. 

The  figures  are  bold  and  varied.  In  diagrams  and  text  single  letters 
are  frequently  used,  for  conciseness,  to  designate  lines  and  angles. 
-Geometry  of  space  is  admirably  illustrated  by  means  of  half-tone  engrav- 
ings from  the  photographs  of  actual  models  recently  constructed  for  use 
in  class-rooms  of  Yale  University,  enabling  the  student  to  see  what  in 
the  ordinary  diagrams  he  must  imagine. 

The  work  is  full  of  spirit.  J.  W.  D. 

Colorado,  The  State  Agricultural  College ^  the  Agricultural  Experiment 
Station.  Bulletin  jj.  Seepage  or  Return  Waters  from  Irrigation, 
Fort  Collins,  Colorado,  January,  1896. 

The  above  pamphlet  by  Mr.  L.  G.  Carpenter,  Meteorologist  and  Irri- 
gation Engineer  of  the  Station,  embodies  the  results  of  measurements  and 
gagings  carried  on  for  the  last  five  years  or  more  on  the  Cache  a  la  Poudre 
and  Platte  rivers,  with  the  object  of  determining,  as  closely  as  possible,  the 
amount  of  seepage  from  the  irrigation  works  back  to  these  streams  and 
also  the  nature  of  the  flow  and  the  conditions  which  influence  it. 

The  conclusions  arrived  at,  while  only  applicable,  strictly  speaking,  to 
the  valley  in  which  the  measurements  were  made,  will  nevertheless  prove 
interesting  reading  to  all  interested  in  irrigation. 

The  economic  questions  which  an  acccurate  knowledge  of  the  action  of 
seepage  water  from  irrigation  would  help  to  settle  are  many,  their  im- 
portance at  times  giving  rise  to  international  dispute.  As  the  country  be- 
comes more  thickly  settled,  questions  as  to  the  effect  on  the  lower  stream 
of  irrigation  in  the  upper  portions  of  the  valley  will  become  more  nu- 
merous. 

One  of  the  interesting  results  arrived  at  in  these  experiments  was  that 
the  effect  of  temperature  on  the  flow  of  the  ground  water  could  not  be 
neglected.  The  temperature  was  determined  by  three  sets  of  soil  ther- 
mometers buried  in  various  kinds  of  soil  at  depths  of  three  and  six  feet, 
and  the  conclusion  was  that  ^'  with  the  range  of  temperature  at  the  depth 
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of  six  feet,  other  conditions  remaining  the  same,  one-third  more  water 
would  fiow  in  August  than  in  March,  and  at  a  depth  of  three  feet  nearly 
one-half  more." 

The  amount  of  flow  depends  upon  so  many  factors  that  no  definite  re- 
sults could  be  arrived  at.  It  was  found,  however,  to  be  approximately 
proportional* to  the  irrigated  area.  It  depends  but  slightly  upon  the  rain- 
fall, and  even  then  only  that  which  falls  on  irrigated  or  already  saturated 
land. 

The  rate  of  flow  of  the  seepage  water  through  the  soil  was  found  to 
be  very  slow,  varying  between  10.2  feet  per  day  for  sandy  clay  to  22.4 
feet  per  day  for  coarse  sand.  In  this  the  results  agree  very  closely  with 
those  arrived  at  in  India  and  elsewhere. 

The  commercial  value  of  this  seepage  water  is  no  small  item,  amount- 
ing in  the  valley  of  the  Poudre  to  from  ^300,000  to  ^500,000  at  the  least, 
and  in  that  of  the  Platte  from  I2, 000, coo  to  {3,000,000.  It  is  also  of 
corresponding  importance  in  the  valleys  of  Clear  Creek,  St.  Vrain  and 
others. 

A  map  of  the  Cache  a  la  Poudre  and  one  of  the  South  Platte  valley, 
together  with  several  diagrams  showing  some  of  the  results  graphically, 
help  to  explain  the  text  and  add  much  to  the  usefulness  of  the  report. 

C.  McK.  L. 

The  Cell  in  Development  and  Inheritance.  By  Edmund  B.  Wilson,  Ph. 
D.,  Professor  of  Invertebrate  Zoology,  Columbia  University.  The 
Macraillan  Company:  New  York  and  London.  1896.  Columbia 
University  Biological  Series  IV.,  8vo.,  371  pp.,  illustrated.     Price, 

I3-00' 
This  book  is  the  fourth  in  the  Columbia  University  Biological  Series, 

and  is  the  outcome  of  a  course  of  general  lectures  delivered  at  Columbia 
University  in  the  winter  of  i892-*93.  Its  scope' is,  however,  far  wider 
than  the  limitations  of  a  course  of  lectures  would  allow,  for  to  the  stu- 
dent it  traces  the  recent  advances  in  cellular  biology,  while  at  the  same 
time  it  gives  to  the  general  reader  who  would  keep  abreast  of  scientific 
thought  a  comprehensive  and  comprehendable  idea  of  the  position  of  the 
germ  cell  in  development. 

What  Darwin's  theory  of  development  revealed  to  the  scientific  world 
of  the  preceding  generation  is  complemented  by  the  discoveries  concern- 
ing the  nature  of  the  germ  cell  made  during  the  past  twenty  years. 

The  theory  summed  up  briefly  is  that  a  single  cell,  or  rather  two  cells, 
one  from  the  male  and  one  from  the  female,  **may  contain  within  their 
microscopic  compass  the  sum-total  of  the  heritage  of  the  species. 

The  history  of  the  research  upon  this  subject,  the  experiments  and  re- 
futt  d  theories,  and  the  various  steps  of  progress  by  which  the  problems  of 
evolution  have  been  reduced  to  problems  of  the  cell,  are  described  by 
Dr.  Wilson  in  clear  English  and  in  a  literary  style  that  few  scientific 
writers  have  at  their  command. 

A  glance  through  the  book  at  its  fine  plates,  all  of  cells,  showing  their 
structure,  the  phenomena  of  their  division,  their  mode  of  origin  and  their 
union  in  fertilization,  might  lead  one  to  think  that  the  book  was  written 
exclusively  for  a  class  of  specialists ;  so  exhaustive  and  detailed  are  the 
illustrations.  But  the  reading  matter  on  the  problems  of  heredity  and 
variation  will  interest  a  larger  class  of  thinkers,  and  will  present  to  the 


ALUMNI  AND   UNIVERSITY  NEWS.  iS; 

general  reader  the  idea  that  life  is  a  continuous  stream,  and  that  **  an  un- 
interrupted series  of  cell  division  extends  backward  from  existing  plants  and 
animals  to  that  remote  period  when  vital  organization  assumed  its  present 
form." 

Dr.  Wilson  has  written  from  Wetsmann's  point  of  view,  showing  the 
organic  connection  between  the  theory  of  evolution  and  the  cell  theory. 

The  bibliography  is  very  fully  and  carefully  worked  out,  and  for  the 
greater  convenience  of  the  student  a  list  of  the  works  of  chief  importance 
bearing  on  the  subject  has  been  appended  in  each  chapter.  No  original 
work  of  the  kind  has  heretofore  appeared  in  English,  and  Dr.  Wlson's 
presentation  of  the  subject  will  be  an  invaluable  aid  to  the  students  of 
cellular  biology.  S.  E.  J. 
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HAVEMEYER  HALL  AND  THE  ENGINEERING  BUILDING.* 

The  corner  stones  of  Havemeyer  Hall  and  the  Engineering  Building 
were  laid  on  the  fourth  of  November,  in  the  presence  of  the  Trustees, 
the  donors  of  Havemeyer  Hall  and  the  heads  of  the  departments  which 
are  to  occupy  the  buildings.  Bishop  Littlejohn  officiated  at  the  laying  of 
the  corner  stone  of  Havemeyer  Hall,  and  after  the  stone  had  been  laid 
by  Mrs.  Kate  B.  Belloni,  a  daughter  of  the  late  Frederick  Christian 
Havemeyer,  in  whose  memory  the  building  is  given,  President  Low  de- 
livered the  following  address : 

GentUmen  of  the  Trustees^  Ladies  and  Gentlemen: 

Havemeyer  Hall,  the  corner  stone  of  which  has  just  been  laid,  is  to  be  the  home  of 
the  Chemical  Department  of  Columbia  University.  Temporarily  it  will  give  shelter, 
also,  to  the  Department  of  Architecture  and  to  the  Department  of  Metallurgy;  but  the 
day  is  not  likely  to  be  far  distant  when  the  Department  of  Chemistry  will  need  all  the 
accommodation  it  supplies.  It  is  fitting  that  one  of  the  main  angles  of  our  entire  group 
of  buildings  should  be  buttressed  on  this  science.  I  remember  well  that  when  the 
National  Academy  of  Sciences  met  in  this  city,  a  few  years  ago.  Professor  Pickering, 
the  astronomer,  of  Harvard  University,  displayed  photographs  of  the  spectra  of  stars 
that  are  out  of  sight  to  the  naked  eye.  Professor  Brewer,  of  Yale  University,  in  talk- 
ing with  me  about  this  display,  remarked  that  if  he  had  been  asked  twenty  years  before 
which  science  of  the  whole  range  of  science  was  ''of  the  earth,  earthy,"  he  would 
have  replied  without  hesitation,  chemistry;  because,  unless  you  could  handle  a  sub- 
stance, how  was  it  possible  to  tell  what  entered  into  its  composition  ?  Yet  here  we  are, 
he  added,  discovering  the  chemical  composition  of  stars  that  we  cannot  even  see  ! 
Thus  cbemistr>'  bears  emphatic  testimony  to  the  unity  of  the  universe,  and,  with  its 
companion  sciences  of  astronomy  and  physics,  is  helping  us,  day  by  day,  to  read,  even 
in  the  farthest  reaches  of  space,  "  what  is  still  unread  in  the  manuscripts  of  God." 

If,  on  the  other  hand,  you  will  pass  up  and  down  the  chemical  museum  that  has 
been  created  and  arranged  for  (his  University  by  Dr.  Chandler,  you  will  be  astonished 
to  perceive  how  chemistry  is  related,  in  one  form  or  another,  to  the  daily  necessities  of 
life  and  to  almost  every  imaginable  industry  and  art.  Food  and  drink,  in  all  their 
fonns,  and  the  air  we  breathe,  are  subjects  of  chemical  analysis;  so  that  in  these  latter 
days  chemistry  is  the  handmaiden  of  medicine  no  less  than  of  the  industrial  arts. 

I  recollect  that  a  prominent  steel  manufacturer  said  to  me,  not  long  ago,  that  he  had 
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made  steel  for  two  years  out  of  the  waste  heaps  of  his  neighbors'  factories,  because  he 
had  been  the  Brst  to  employ  a  trained  chemist  as  a  part  of  the  regular  force  in  his  estab- 
lishment. The  industrial  prc^ess  of  modem  Germany  may  almost  be  said  to  rest  prim- 
arily upon  chemistry,  so  important  a  factor  is  it  in  all  German  industries.  Similarily,  I 
am  glad  to  believe  that  the  generous  donors  of  Havemeyer  Hall  have  thought  it  to  be, 
in  an  especial  sense,  a  fitting  memorial  of  the  late  Frederick  Christian  Havemeyer  to 
erect  a  home  in  this  University  for  the  Department  of  Chemistry,  because  the  industry 
of  the  refining  of  sugar  rests  so  immediately  upon  this  science.  Havemeyer  Hall 
stands,  also,  in  a  fortunate  neighlx>rhood  to  the  Engineering  Building,  for  the  laws  of 
mechanics,  as  applied  by  the  engineer  to  the  manipulation  of  the  raw  sugar  and  the 
various  S}rups,  have  been  only  less  influential  than  chemistry  in  cheapening  the  indus- 
trial processes  involved  in  sugar  refiuing.  The  day  will  come  in  the  United  States,  I 
am  confident,  when  the  employment  of  trained  chemists  will  be  as  common  in  the  manu- 
facturing industries  of  the  country  as  it  is  in  Germany.  It  is,  therefore,  an  eminently 
gracious  and  graceful  thing  for  men  to  do,  whose  fortune  rests  largely  upon  the  advances 
that  chemistry  has  made  possible  in  the  development  of  their  business,  to  give  to  this 
University  the  means  of  equipping  young  men  for  service  as  chemists  in  all  the  manifold 
ways  in  which  chemists  may  serve  the  community  and  the  country.  The  field  of  the 
chemist's  labor,  as  I  have  shown,  is  as  wide  as  the  universe,  and  his  opportunities  of 
service  as  various  as  the  industries  of  men. 

To  prepare  young  men  for  such  a  service  this  building  has  been  given,  and  Columbia 
has  pledged  herself  to  the  donors  to  make  it  as  highly  useful  as  it  is  in  her  power  to  do. 
To  redeem  this  pledge  she  will  put  forth  every  effort,  because  she  well  understands  that 
only  so  can  she  make  Havemeyer  Hall  a  worthy  memorial  of  the  useful  life  of  Fred- 
erick Christian  Havemeyer. 

At  the  conclusion  of  his  address  President  Low  called  upon  Professor 
Chandler,  who  said : 

Mr.  President^  Trustees  of  Columbia  University ^  Ladies  and  Gentlemen  : 

I  can  not  express  in  words  the  pleasure  and  satisfaction  which  it  gives  me  to  enjoy 
the  privilege  of  being  present  to-day  at  the  laying  of  the  comer  stone  of  this  magnifi- 
cent chemical  building.  Ever  since  the  Chemical  Department  of  the  School  of  Mines 
opened  its  first  laboratory,  for  twelve  students,  in  the  cellar  of  the  old  building  at  Forty- 
ninth  Street,  thirty- two  years  ago,  on  November  15,  1864,  I  have  looked  forward  with 
hope  to  the  day  when  suitable  accommodations  should  be  provided  at  Columbia  for  this 
my  favorite  science. 

And  now  my  expectations  are  to  be  realized.  The  finest  and  most  complete  chemical 
building  in  the  world  is  now  rising  upon  the  most  favorable  spot  on  New  ^'ork  Island, 
and  Columbia  University  will  soon  be  able  not  only  to  offer  every  facility  for  the  study 
of  chemistry,  in  all  its  branches,  theoretical  and  applied,  but  also  to  invite  graduate  stu- 
dents to  enter  its  well  equipped  laboratories  to  prosecute  original  investigations. 

It  is  a  great  pleasure  to  me  that  this  gift  should  come  from  a  tamily  which  stands  so 
high  in  this  community,  members  of  which  have  long  been  my  friends,  and  some  of 
whom  have  been  pupils  in  our  laboratories,  and  it  is  extremely  satisfactory  that  this 
building  is  to  bear  the  name  of  Havemeyer  Hall,  and  to  stand  as  an  enduring  monu- 
ment to  Mr.  Frederick  Christian  Havemeyer,  who  laid  the  foundation  of  one  of  the 
most  important  and  extensive  chemical  industries  of  this  country. 

As  the  representative  of  the  Chemical  Department  of  Columbia  University,  I  prom- 
ise to  do  everything  in  my  power  to  make  the  usefulness  of  this  building  equal  the  gen- 
erosity of  its  donors. 

The  Rev.  Dr.  Coe  officiated  at  the  laying  of  the  corner  stone  of  the 
Engineering  Building,  and  Professor  Crocker,  representing  the  Depart- 
ment of  Electrical  Engineering,  laid  the  stone.  Henry  S.  Munroe,  E. 
M.,  Ph.  D.,  Professor  of  Mining,  spoke  as  follows  of  the  purposes  to 
which  the  building  is  to  be  devoted : 

We  are  to-day  to  lay  the  comer  stones  of  two  more  of  the  group  of  beautiful  build- 
ings planned  for  the  new  home  of  Columbia  University.  The  Library  Buildings  with 
its  classic  porch,  dominating  the  group  with  its  lofty  dome,  is  appropriately  devoted  to 
literature,  philosophy  and  law,  representing  the  historical  university  faculties.  The 
four  great  buildings  which  we  see  rising  about  us,  of  a  more  modem  type  of  architec- 
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tnre,  assigned  to  natural  history,  physics,  chemistry,  and  engineering,  offer  striking  tes>  * 
timooy  to  the  place  that  science  has  conquered  in  the  modem  university.  Fonneriy  it 
was  accepted  without  question  that  '<  the  proper  study  of  mankind  is  man."  In  this 
age  we  have  begun  to  look  about  us,  and  we  now  recognize  that  the  study  of  mankind 
is  incomplete  without  the  study  also  of  his  environment.  The  world  in  which  we  live,  and 
the  other  worlds  by  which  we  are  surrounded ;  the  animals  and  plants  inhabiting  the 
world  with  us,  and  those  which  lived  here  in  ages  past ;  the  laws  of  the  universe ;  the  * 
forces  of  nature  offer  boundless  fields  for  the  student. 

The  renaissance  architecture  of  these  scientific  buildings  typifies  the  new  life  given  to 
the  university  by  science.  Not  only  does  education  gain  by  the  enlargement  of  the  field 
of  study,  but  methods  of  investigation  borrowed  from  men  of  science,  and  applied  to 
the  study  of  language,  of  philosophy,  of  history  and  of  law,  have  enabled  these  to 
make  a  greater  advance  in  the  last  few  decades  than  in  centuries  before. 

The  dedication  of  a  university  building  to  engineering  posesses  great  significance.  It 
shows  how  far  Columbia,  in  common  wi£  other  ^American  institutiom.  of  learning,  has 
advanced  beyond  the  narrow  view  of  the  mediaeval  university  which  still  obtains  in 
Europe.  It  is  a  recognition  of  the  truth  that  science  is  not  only  to  be  followed  for  it» 
own  sake,  for  the  pleasure  and  excitement  of  conquering  new  fields,  but  the  scientific 
studies  with  a  definite  object  in  view,  investigations  that  will  benefit  mankind,  are  even 
wsxt.  worthy,  and  may  properly  find  place  in  an  institution  of  higher  learning. 

The  erection  of  a  building  for  engineering  among  the  first  of  Columbia's  new  halls  is- 
an  appropriate  recognition  of  the  fact  that  G:>lumbiawas  one  of  the  first  colleges  in  thia 
country  to  add  engineering  studies  to  its  curriculum,  being  anticipated  in  this  by  Union, 
Harvard,  Yale  and  Michigan  only.  Columbia  was  the  first  to  establish  a  course  in 
mining  engineering ;  she  was  among  the  first  to  give  instruction  in  sanitary  engineering,, 
in  electrical  engineering,  and  in  these  and  in  many  other  respects  Columbia  has  taken 
the  lead  in  engineering  education. 

In  Europe  the  universities  for  the  most  part  hold  themselves  aloof  from  the  schools  of 
technolc^y  and  engineering,  and  there  is  a  very  strong  feeling  there  among  the  scientific 
men  connected  with  the  universities  against  engaging  in  useful  work,  against  applied 
science.  Recently  a  distinguished  German  mathematician  has  uttered  a  protest  against 
this  feeling.  He  claims  that  applied  mathematics  is  worthy  the  attention  of  the  student  of 
pore  science,  and  that  he  will  be  benefited  rather  than  harmed  by  practical  problems  and 
practical  applications.  His  protest  has  taken  a  peculiar  form,  as  if  the  professor  hardly 
dared  to  face  boldly  the  criticisms  of  his  colleagues  should  he  turn  his  mathematics  to  a 
purpose  altogether  useful.  I'he  distinguished  savant  gravely  applies  himself,  with  the 
aid  of  higher  mathematics,  to  the  investigation  of  the  laws  governing  the  movement  of  a 
spinning  top ! 

It  is  fortunate  for  us  that  there  is  in  this  country  but  little  of  the  prejudice  against  ap- 
plied science  that  is  found  abroad,  and  against  which  Professor  Klein  finds  it  necessary 
to  protest.  At  Columbia  pure  science  and  applied  science  work  together  in  harmony 
and  with  mutual  advantage. 

This  building  is  to  be  equipped  with  laboratories  for  the  stu4y  of  practical  problems 
in  mjnmg,  civil,  mechanical  and  electrical  engineering.  Problems  of  the  greatest  im- 
portance to  the  world  and  to  society  await  solution  in  these  various  branches  of 
engineering. 

In  an  address,  a  year  or  so  ago,  before  the  Alumni  of  the  School  of  Mines,  Dr.  Ray- 
mond showed  that  the  world  has  begun  to  save  money  and  to  grow  rich  and  comfort- 
able only  within  the  present  century.  He  showed  that  this  prosperity  dates  from  the 
time  that  steam  began  to  take  the  place  of  human  energy.  The  use  of  steam  has  multi- 
plied the  power  and  efficiency  of  the  race.  With  its  aid  we  are  forcing  the  earth  to 
give  up  her  treasures  of  coal,  oil,  gas,  useful  and  precious  metals,  while  agriculture, 
fisheries  and  manufactures  have  developed  as  never  before.  When  we  compare  the 
condition  of  the  peasant  and  the  laboring  man  of  the  Middle  Ages  with  the  comparative 
comfort  enjoyed  by  men  of  similar  position  to-day  we  realize  the  advance  that  has  been 
made.  But  much  remains  to  be  done.  Owing  to  our  limited  and  imperfect  knowledge, 
we  waste,  of  necessity,  vastly  more  of  the  wealth  that  the  earth  furnishes  us  than  we 
utilize.  For  example,  it  is  estimated  that  for  every  ton  of  anthracite  coal  sent  to  market 
one  and  a-half  tons  are  lost  in  mining  and  in  preparing  the  coal  for  use.  Last  year  the 
coal  product  of  eastern  Pennsylvania  was  worth  at  the  mines  about  $90,000,000.  The 
loss  was  then  about  $135,000,000.  It  is  estimated  also  that  we  utilize  but  about  one- 
eighth  of  the  power  stored  up  in  coal  when  we  bum  it  imder  boilers  to  furnish  steam. 
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In  eDgineering  construction,  to  guard  against  possible  imperfection  in  material  and 
unknown  sources  of  weakness,  we  are  accustomed  to  employ  <*  factors  of  safety/'  and 
to  use  three,  four  or  five  times  as  much  material  as  rigid  calculations,  based  upon  the 
best  obtainable  data,  would  seem  to  demand.  These  are  probably  extreme  cases.  The 
loss  in  mining  is  not  often  as  large  as  in  Pennsylvania,  where  the  conditions  are  un- 
favorable to  economic  working.  Water  power,  steam  power  and  electric  energy  are 
more  fully  utilized  than  caloritic  power.  *<  Factors  of  safety"  will  always  be  necessary. 
Nevertheless,  similar  instances  of  waste  of  material  and  loss  of  eneigy  meet  us  on  every 
hand,  and  it  is  not  too  much  to  say  that  we  loose  or  waste  vastly  more  of  nature's 
wealth  than  we  utilize.  Every  discovery  in  applied  science  tends  to  lessen  these  losses. 
The  laboratories  which  it  is  proposed  to  equip  in  his  beautiful  building  have  thus  im- 
portant work  to  do.  and  if  prq^erly  used  they  may  render  most  important  service  to 
mankind.  When  we  consider  what  has  been  done  for  the  race  in  the  present  century, 
it  seems  that  we  have  only  to  continue  this  good  work  and  use  more  carefully  nature's 
bounty  to  bring  about  the  Utopian  dreams  of  the  philanthropist. 

The  first  object  of  this  bmlding  and  these  laboratories  is,  however,  the  training  of 
young  men  as  engineers.  In  addition  to  the  waste  due  to  our  imperfect  knowledge, 
even  greater  loss  and  waste  results  when  mines,  manufactories  and  public  works  are  in 
incompetent  hands.  The  useful  work  that  is  now  being  accomplished  by  the  thousand 
young  men  who  have  been  graduated  from  the  School  of  Mines,  and  the  work  that  will 
be  done  by  the  thousands  that  will  come  after  them,  is  sufficient  wsurant  for  the  large 
sums  spent  by  this  University  on  their  education,  and  the  still  larger  sums  she  is  pro- 
posing to  spend  as  trustee  of  the  wise  and  far-seeing  men  who  have  put  and  are  putting 
f  heir  wealth  into  her  hands.  The  money  spent  in  the  training  of  these  young  men  is 
well  spent,  and  yields  returns  that  caimot  be  measured.  In  this  building  will  be  trained 
mining  engineers  to  develop  and  operate  mines,  to  furnish  for  our  use  the  treasures  of 
the  earth  upon  which  modem  civilization  is  founded — coal,  to  take  the  place  of  human 
energy  and  relieve  the  race  from  drudgery,  and  the  metals,  the  use  of  which  marks  the 
difference  between  the  primitive  savage  of  the  Stone  Age  and  civilized  man  with  all  the 
comforts  and  luxuries  of  the  nineteenth  century.  In  this  building  will  be  trained  civil 
engineers  to  construct  and  take  charge  of  public  works,  roads  and  bridges,  railroads 
and  canals,  to  improve  our  rivers  and  harbors,  to  superintend  great  municipal  works,  to 
irrigate  deserts,  to  drain  swamps  and  fit  waste  places  for  human  habitation.  Here  will 
be  trained  electrical  and  mechanical  engineers,  who  harness  the  mighty  forces  of 
nature  and  compel  them  to  our  service,  to  move  us  when  we  will,  to  bring  merchandise 
for  us  from  the  uttermost  parts  of  the  earth,  to  fashion  wood  and  metal  and  other  prod- 
ucts of  nature  for  our  service. 

It  is  fortunate  for  the  School  of  Mines  and  the  School  of  Engineering  that  they  are 
associated  with  a  great  university.  This  association  forces  them  to  maintain  high  ideals 
and  a  high  standard  of  scholarship.  The  student  of  applied  science  has  the  advantage 
of  university  instruction  in  pure  science  and  mathematics,  and  the  foundation  for  the 
professional  studies  is  thus  well  and  broadly  laid.  The  contact  with  men  who  are 
seeking  liberal  culture  cannot  fail  to  extend  the  horizon  and  broaden  the  views  of  the 
technical  student,  and  we  hope  may  induce  him  to  seek  first  a  liberal  education  before 
entering  upon  his  professional  studies. 

On  the  other  hand,  the  demands  of  the  courses  in  applied  science  in  the  departments 
of  mineralogy,  geology,  chemistry  and  physics  have  necessitated  the  splendid  equipment 
of  laboratories  and  museums  now  possessed  by  the  University  in  these  branches  of 
science.  Thus  each  gains  by  the  presence  of  the  other,  and  in  their  union  lies  the 
strength  of  the  typical  American  university — Columbia. 

The  following  papers  and  documents  were  deposited  in  the  corner 
stones :  charter  and  acts  relating  to  the  University ;  statutes  of  the  Uni- 
versity and  by-laws  of  the  Trustees  ;  programme  of  the  Dedication  pro- 
ceedings, historical  sketch  of  the  University,  and  addresses  delivered  upon 
the  Dedication ;  general  catalogue  of  the  officers  and  alumni ;  catalogue 
for  the  year  1895-96 ;  annual  reports  of  the  President  and  Finance  Com- 
mittee for  1896;  circulars  of  information  of  the  Departments  of  Chem- 
istry, Architecture  and  Metallurgy  and  of  the  Departments  of  Civil, 
Mining,  Electrical  and  Mechanical  Engineering;  views  of  Havemeyer 
Hall  and  the  Engineering  Building ;  a  copy  of  the  last  number  of  the 
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University  Bulletin^  and  newspapers  of  the  day ;  and  also  in  the  corner 
stone  of  Havemeyer  Hall  a  copy  of  the  letter  of  Mr.  Henry  O.  Have- 
meyer  of  April  7,  1896,  offering  to  present  to  the  University  a  chemical 
building,  to  be  known  as  Havemeyer  Hall  in  memory  of  the  late  Fred- 
erick Christian  Havemeyer,  as  a  gift  from  Charles  H.  Senff,  his  nephew, 
Frederick  C.  Havemeyei*,  Theodore  A.  Hayemeyer,  Thomas  J.  Have- 
meyer and  Henry  O.  Havemeyer,  his  sons,  and  Kate  B.  Belloni  and  S. 
Louisa  Jackson,  his  daughters ;  together  with  copies  of  the  agreement 
between  the  University  and  the  donors,  and  of  the  resolution  of  thanks 
adopted  by  the  Trustees. 

THE  SCHOOL  OF  ARCHITECTURE. 

The  establishment  of  the  Department  of  Architecture  as  an  independent 
school  at  the  beginning  of  the  present  year  was  only  the  formal  recognition 
of  the  separation  from  the  other  departments  in  the  School  of  Mines, 
which  had  already  taken  place.  The  action  of  the  School  of  Mines 
Faculty  a  year  ago  in  consenting  that  the  students  in  Architecture  should 
no  longer  attend  the  instruction  in  Physics,  Chemistry,  Applied  Chemis- 
try and  Geology  completed  an  isolation  which  had  begun  several  years  be- 
fore, when,  as  Professor  Trowbridge  suggested,  students  should  have 
special  instruction  in  Architectural  Engineering,  instead  of  attending  his 
own  lectures.  This  change  enabled  them  to  concentrate  their  time  and 
attention  on  the  things  they  most  needed  to  know,  and  proved  so  bene- 
ficial in  practice  as  to  encourage  the  idea  that  those  branches  of  Applied 
Chemistry  and  Geology  that  were  most  pertinent  to  building  operations 
could  be  pursued  to  better  advantage  if  separated  from  the  general 
courses  of  lectures  in  these  subjects.  This  involved,  of  course,  the  sacri- 
fice of  many  interesting  topics,  but  it  was  the  only  way  of  gaining  time 
for  the  expression  and  development  of  the  more  strictly  professional  work. 
It  was  assumed  that  the  knowledge  of  physics  and  chemistry  required  for 
admission  to  the  School  would  suffice  for  the  intelligent  prosecution  of 
these  special  studies. 

The  result  seems  to  be  justitying  these  expectations.  A  new  course  of 
lectures,  one  a  week,  running  through  three  years,  has  been  established, 
under  the  name  of  Building  Materials.  This  accompanies  and  illustrates 
the  choice  in  specifications.  Both  are  attended  by  all  the  students  in  the 
first  three  years  of  the  School,  and  as  Ironwork  is  taken  up  one  year, 
Masonry  the  next,  and  Woodwork  the  next,  each  class  covers  all  these 
topics,  though  in  a  varying  order  of  succession.  As  each  material  comes 
up  it  is  exhaustively  discussed,  from  the  point  of  view  of  geology  and 
chemistry,  its  mode  of  manufacture,  practical  applications  and  uses,  and 
the  means  of  preserving  it  from  decay ;  the  work  is  thus  classified  accord- 
ing to  the  subject-matter,  or  according  to  the  sciences  which  bear  upon 
it.  The  scientific  instruction  is  thus  rendered  more  particular  and 
pertinent. 

The  present  year  is  the  year  for  Masonry.  The  new  course  is  mainly 
in  the  hands  of  Mr.  Warren,  and  is  an  expansion  of  the  instruction  that 
formerly  he  had  to  crowd  into  his  lectures  on  Specifications.  These,  in 
turn,  being  relieved  from  this  burden,  themselves  receive  a  fuller  devel- 
opment.    But  his  work  is  supplemented  by  all  the  resources  of  the  Uni- 
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versity.  After  two  or  three  elementary  lectures  in  Geology,  Professor 
Kemp  contributed  five  lectures  on  Building  Stones,  and  a  little  later  a 
lecture  on  Clay.  Mr.  Riesgave  a  lecture  on  Brick-making,  and  Mr.  Vulte 
and  Professor  Ricketts  have  promised  to  follow  with  lectures  on  Cements 
and  Artificial  Stones.  Other  professors  in  the  Schools  of  Chemistry  and 
Civil  and  Electrical  Engineering  have  promised  also  to  lend  a  hand  when 
their  assistance  is  needed.  It  seems,  then,  as  if  the  formal  separation  from 
the  scientific  departments,  instead  ofdiminishing  the  amount  of  scientific 
study,  and  making  the  School  of  Architecture  a  '*  mere  School  of  Art,*' 
as  some  of  its  friends  feared  might  happen,  is  really  working  to  give  it  a 
greater  enjoyment  of  the  advantages  of  its  position  than  it  had  before. 
These  relations  of  comity  and  good  neighborhood,  and  the  voluntary  ser- 
vice they  stimulate,  are  more  efficient  than  the  mere  formal  relations  they 
have  superseded.  These  exercises  also  take  less  of  the  students'  time, 
which  is  a  great  gain,  and  as  each  topic  comes  round  only  once  in  three 
years  they  impose  no  greater  tax  upon  the  abundant  good-will  and  gen- 
erosities of  these  auxiliaries  than  in  its  abundance  it  seems  well  able  to 
bear. 

ELECTRICAL  ENGINEERING  DEPARTMENT. 

The  rearrangement  of  some  of  the  courses  in  this  department  has 
shown  the  wisdom  of  giving  to  the  second-year  men  throughout  the  entire 
year  instruction  in  the  fundamental  principles  of  Electrical  Engineering, 
this  being  carried  on  by  Professor  Crocker  and  Mr.  Freedman.  By  bring- 
ing the  men  thus  early  into  contact  with  the  officers  of  this  department, 
they  not  only  become  more  familiar  with  the  lines  which  they  are  to  fol- 
low in  the  future,  but  also  see  the  importance  and  bearing  of  the  de- 
pendent subjects  which  ihey  are  pursuing  and  have  in  this  way  their 
interests  augmented.  Some  of  the  lecture  courses  in  the  third  and  fourth 
years  have  been  greatly  improved  by  the  introduction  into  them  of  suit- 
able text-books.  Professor  Crocker's  book  on  "Electric  Lighting"  is 
being  used  with  much  success  in  his  courses  in  Electric  Lighting  and 
Electrical  Engineering,  and  the  advance  material  for  the  second  volume 
is  being  freely  read  in  his  fourth-year  courses  in  Eectrical  Engineering. 

The  course  in  electrical  measurements  by  Mr.  Freedman  has  been 
much  facilitated  by  the  use  as  a  text-book,  of  Nipher's  **  Electricity  and 
Magnetism,"  thus  obviating  the  necessity  on  the  part  of  the  students  of 
taking  as  many  notes  as  was  formerly  necessary  in  this  subject.  Much 
more  ground  can  be  covered  and  much  more  satisfactorily  than  by  giving 
this  course  entirely  by  lectures. 

Mimeographic  notes  covering  the  mechanical,  as  well  as  many  of  the 
electrical  points  in  the  construction  of  dynamos  and  motors,  have  been 
read  with  satisfaction  in  the  course  in  Dynamo  Practice  given  by  Professor 
Crocker  and  Mr.  Sever. 

Mr.  Freedman  is  preparing  a  set  of  notes  to  cover  the  discussion  of 
telephone  and  telegraph  practice  in  this  country,  as  the  two  subjects 
are  in  many  details  similar  and  no  book  on  either  of  these  subjects  is  at 
all  suitable  for  use  in  instruction. 

The  third-year  laboratory  work  has  been  much  improved  by  the  intro- 
duction of  a  definite  set  of  experiments  outlined  in  mimeographic  notes, 
these  experiments  covering  the  investigation  of  the  actions  of  direct  cir- 
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cuit  dynamos  and  motors.  Close  supervision  of  the  students'  work  and 
insistence  upon  accuracy  in  results  have  done  much  towards  improving 
the  quality  of  the  work  carried  on  in  this  course.  The  fourth-year  instru- 
mental work  under  Mr.  Freed  man  and  Mr.  Sever  has  been  much  im- 
proved by  the  use  of  printed  forms  for  the  recording  of  results,  these 
indicating  clearly  the  method  of  presenting  the  results  of  the  experi- 
ments. Mr.  Freedman  is  preparing  a  set  of  notes  to  cover  this  work. 
The  department  has  purchased  a  10- horse  power  3-phase  General  Elec- 
tric alternating- current  motor»a  i -horse  power  Fort  Wayne  Synchronous 
alternating-current  motor,  and  has  been  presented  with  a  W.  P.  30  Gen- 
eral Electric  Co.  railway  motor. 

Besides  these  machines  there  have  been  presented  to  the  department  a 
number  of  small  appliances  for  its  use  or  for  filling  the  cases  which  will 
be  placed  in  our  electrical  museum  in  the  new  building. 

There  will  be  needed  at  the  new  laboratory  a  40-horse  power  alterna- 
ting-current dynamo  and  a  50-horse  power  direct-current  dynamo,  neither 
of  which  have  as  yet  been  obtained. 

The  thesis  work  is  well  advanced,  some  of  the  subjects  being  as  fol- 
lows : ."  Investigation  of  the  action  of  a  special  form  of  circuit  breaker." 
''Effect  of  heat  upon  insulating  material."  ''Test  of  a  storage  battery 
station."  "Test  of  a  motor  driven  manufactory,"  "Investigation  of 
open  and  closed  magnetic- current  transformers. 

G.  F.  Sever. 

THE  ENGINEERING  SOCIETY. 

The  officers  of  the  Engineering  Society  for  the  current  year  are: 
President,  Frederick  M.  Holbrook,  E.  E.;  First  Vice-President,  Charles 
E.  Refers,  C.  E.;  Second  Vice  President,  William  S.  Davidson,  E.  M.; 
Secretary,  George  S.  Brackett,  E.  M.;  Treasurer,  Hanford  C.  Judson, 
E.  E.;  Editor  of  the  Year-Book,  Alexander  S.  Farmer,  C.  E.;  First 
Assistant  Editor,  Ignatius  O'Reardon,  C.  E  ;  Second  Assistant  Editor, 
James  B.  Humphreys,  E.  E.;  Honorary  President,  Professor  Frederick 
R.  Hutton,  E.  M.,  Ph.  D. 

The  condition  of  the  Society,  numerically,  financially  and  enthusias- 
tically, was  never  so  flourishing  as  at  the  present  time— the  twelfth  year 
of  its  history.  There  are  now  enrolled  107  active  members,  338  associ- 
ate members  and  22  honorary  members. 

Thus  far  during  the  year  the  following  lectures  have  been  delivered 
before  the  Society : 

November  4,  1896. — TTie  Mechanical  Engineering  of  the  Street  Rail- 
way Problem.     By  Professor  Frederick  R.  Hutton. 

Professor  Hutton  explained  by  the  aid  of  numerous  lantern  slides  all 
of  the  street-railway  systems  now  in  use,  together  with  the  advantages 
and  disadvantages  of  each.  He  refrained,  however,  from  expressing  an 
opinion  as  to  the  precise  solution  of  the  problem,  since  the  conditions  and 
requirements  of  traffic  were  so  various  that  a  general  solution  was  inde- 
terminate. 

Mr.  George  F.  Lever  presented  a  very  interesting  discussion  of  the 
paper. 

November  18,  1896 The  Water   Works  of  Brooklyn,  N.  Y.     By 

Richard  W.  How,  Jr.  (C.  ^.) 
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Mr.  How  described  by  the  assistance  of  charts  and  photographs  both 
the  present  state  of  the  works  and  the  extensions  proposed  or  in  process. 

December  2,  1896. — The  Central  Station  vs.  the  Isolated  Plant,  By 
Mr.  Max  Osterberg,  £.  £. ,  A.  M. 

Mr.  Osterberg  showed  that  from  an  economical  standpoint  a  system 
employing  many  isolated  plants  for  electric  lighting  in  many  cases  pre- 
sented advantages  over  the  central  station  of  no  inconsiderable  impor- 
tance. 

Professor  F.  B.  Croker  supplemented  the  paper  by  citing  a  problem 
which  he  had  some  time  previously  worked  out,  in  which  the  same  prin- 
ciple of  economy  was  manifest.  He  had  reference  to  feeding  small  low 
tension  sub-stations  distributed  through  a  city  from  a  remote  source,  gen- 
erating electrical  energy  at  high  tension. 

January  13,  1897. — A  Talk  on  Ship  Building,     By  Mr.  Lewis  Nixon. 

Mr.  Nixon  outlined  and  carried  his  auditors  through  the  process  of  the 
building  of  a  ship  from  the  time  of  the  letting  of  the  contract  until  the 
trial  trip  and  final  acceptance  by  the  owners.  The  scope  of  this  lecture 
represented  a  new  departure  in  the  work  of  the  Society,  and  it  is  to  be 
hoped  that  Columbia  may  in  the  future  comprise  this  subject  in  its  curric- 
ulum. 

The  principal  work  accomplished  by  the  Society  aside  from  the  papers 
and  lectures  has  been  the  revision  or  really  the  reconstruction  of  its  con- 
stitution to  meet  the  changed  and  increased  requirements  due  to  thp  So- 
ciety's growth  and  development. 

On  account  of  the  readjustment  of  the  university  departments,  the 
name  has  been  changed  from  **  The  Engineering  Society  of  the  School  of 
Mines*'  to  '*  The  Engineering  Society  of  Columbia  University.'* 

A  committee  has  been  intrusted  with  the  work  of  designing  an  ap- 
propriate <<  shingle  "  or  seal  and  certificate  of  membership,  which  will  add 
greatly  to  the  dignity  of  the  Society  and  will  be  a  momento  which  in  after 
years  will  recall  to  a  graduate  most  pleasant  reminiscences  of  a  member- 
ship in  an  organization  which  has  for  its  object  the  development  of  engi- 
neering knowledge  and  tastes  and  to  bring  the  undergraduate  engineer 
into  contact  and  sympathy  with  those  who  have  preceded  him  and  who 
have  already  been  successfully  grappling  with  engineering  problems  as  they 
present  themselves  in  actual  life. 


UNIVERSITY  BULLETIN. 

The  University  Bulletin  is  issued  by  the  authority  of  the  Trustees  of 
the  Columbia  University.  Its  purpose  is  to  give  a  summary  of  impor- 
tant university  and  faculty  legislation,  to  record  the  scientific  and  literary 
work  of  the  officers  of  Columbia  University,  to  furnish  information  with 
regard  to  original  investigations  that  are  in  progress,  to  indicate  the  sub- 
jects that  occupy  the  attention  of  the  advanced  seminaries,  and  to  give 
other  general  information  that  may  be  either  of  immediate  interest  to  in- 
quirers, or  of  permanent  value  as  a  matter  of  record.  The  Bulletin  will 
appear  at  intervals  of  about  two  months  during  the  college  year,  and, 
until  further  notice,  will  be  sent  free  of  charge  to  such  alumni  of  the  Uni- 
versity as  may  signify  their  desire  to  receive  it. 
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EGLESTON  MINUTE  OF  THE  ALUMNI  ASSOCIATION 

OF  THE  SCHOOL  OF  MINES. 

The  Board  of  Managers  of  the  Alumni  Association  of  the 
School  of  Mines  appointed  a  committee,  at  a  recent  meeting,  to 
take  action  commemorative  of  the  retirement  of  Professor  Thomas 
Egleston  from  active  service  in  the  chair  of  Metallurgy  and  Miner- 
alogy in  the  University.  That  coWimittee  consisted  of  Messrs. 
Wm.  Allen  Smith,  '68,  W.  B.  Parsons,  '82,  H.  K.  Masters,  '94, 
Their  action,  a  minute  and  appended  resolutions,  has-been  hand- 
somely engrossed,  and  partly  illuminated,  and  has  been  trans- 
mitted to  Professor  Egleston.  Their  action  is  reported  here  for 
record  and  for  general  information. 

The  Alumni  Association  of  the  School  of  Mines  of  Columbia 
College,  in  view  of  the  retirement  from  active  work  of  Professor 
Thomas  Egleston,  E.  M.,  Ph.  D.,  LL.D.,  the  senior  professor  in 
the  School  of  Mines  of  Columbia  University,  has  adopted  the  fol- 
lowing minute : 

Profesfor  Egleston  was  the  originator  of  the  School  of  Mines, 
and  its  establishment  in  1864  was  brought  about  by  his  foresight, 
energy  and  courage.  Although  his  plan  was  received  with  quick 
^mpathy  by  President  Barnard,  yet  the  College  had  at  that  time 
neither  the  funds  nor  the  special  instructors  needed  for  such  a 
scfaooL  Professor  Egleston,  it  may  fairly  be  said,  furnished  both. 
VOL.  xvni.— 14. 
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He  literally  went  begging  among  his  friends  for  the  needed  funds, 
and  he  began  his  work  with  no  assurance  of  compensation ;  and 
it  was  due  entirely  to  his  exertions  and  persuasion  that  Professors 
Chandler  and  Vinton  were  induced  to  join  with  him  in  the  enter- 
prise of  starting  the  School  of  Mines.  He  was  the  indomitable 
pioneer  who  opened  the  way  and  laid  the  foundation  for  what  is 
to-day  the  foremost  school  of  applied  science  in  the  country. 
Moreover,  the  establishment  of  the  School  of  Mines  marked  the 
opening  of  the  new  and  broader  life  of  Columbia,  which  has  cul- 
minated in  the  University  with  its  brilliant  prospects. 

The  same  qualities  which  Professor  Egleston  showed  as  a 
pioneer  have  characterized  his  course  as  an  instructor;  energetic, 
prompt  and  faithful,  in  sickness  and  in  health,  he  has  kept  straight 
on  his  course  for  a  third  of  a  century,  during  most  of  that  time 
performing  the  work  usually  done  in  schools  of  equal  proportions 
in  this  country  and  abroad  by  three  men,  filling  the  chairs  of 
Mineralogy,  Iron  Metallurgy  and  General  Metallurgy.  He  intro* 
duced  the  requirement  of  metallurgical  "  projects,"  which  have  re- 
sulted in  much  practical  good  to  the  students.  He  has  continued 
as  he  began,  indefatigable  in  laboring  to  impart  complete  scientific 
instruction  in  his  departments  and  in  assisting  the  students  com- 
mitted to  his  charge.    It  is  therefore 

Resolved^  That  the  Alnmni  Association  of  the  School  of  Mines, 
hereby  records  its  full  appreciation  of  the  lasting  debt  due  to  Pro- 
fessor Egleston  for  his  long  and  faithful  and  unselfish  devotion  to 
the  cause  of  scientific  instruction. 

Resolved^  That  the  best  wishes  of  the  Alumni  of  the  School  of 
Mines  accompany  Professor  Egleston,  and  their  congratulations 
are  tendered  to  him  upon  a  grand  work  nobly  achieved. 

Resolved^  That  this  minute  be  entered  in  full  upon  the  records 
of  the  Alumni  Association ;  that  it  be  published  in  the  School  of 
Mines  Quarterly,  and  that  a  copy  be  sent  to  Professor  Egleston. 

Wm.  Allen  Smith,  1868. 

Wm.  Barclay  Parsons,  1882 

Harris  K.  Masters,  1894. 

Committee  of  the  Alumm. 
February  5th,  1897. 
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35  Washington  Square, 

New  York,  March  30th,  1897. 

To  W.  Allen  E.  Smith,  E.  M.  )^  ...  r  *.u  ai  •  r 
W.  Barclay  Parson^,  C.  E.  t  ^T^c  ^^«  of  the  Alumn.  of 
Harris  K.  Masters.  E.  M.      )      the  School  of  Mines. 

My  Dear  Friends  : 

I  received,  on  Saturday  evening  last,  the  very  handsome 
engraved  minute  of  the  Alumni  Association  of  the  School  of 
Mines.  If  anything  could  temper  the  regret  which  I  feel  at  the 
necessity  of  giving  up  what  has  been  the  great  pleasure  as  well  as 
the  work  of  my  life  it  would  be  such  an  expression  of  feeling 
from  the  graduates  of  the  school  whose  committee  represents  all 
the  years  that  I  have  labored  in  it.  None  know  better  than  they 
how  the  work  has  been  done. 

The  good  of  the  school  and  the  welfare  of  its  graduates  has  so 
long  been  my  first  thought,  and  their  success  my  great  pride,  that 
I  find  it  diflFicult  to  realize  that  I  no  longer  have  the  power  to 
help  either  student  or  graduate,  which  is  a  source  of  real  sorrow 
to  me.  The  success  of  the  school  as  a  school  is  owing  to  the 
very  earnest  work  of  the  many  who  have  been  engaged  in  teach- 
ing in  it,  and  the  high  standard  of  the  work  of  its  graduates.  Its 
reputation  outside  of  the  City  of  New  York  depends  entirely  on 
its  graduates.  It  is  the  great  body  of  the  Alumni,  to  whom  we 
can  all  point  with  pride,  who  make  known,  both  at  home  and 
abroad,  what  the  standard  of  the  school  is. 

It  has  always  been  a  great  gratification  to  me  to  know  that, 
while  my  duty  was  to  the  students,  that  I  might  some  day  be 
able  to  be  of  service  as  an  alumnus.  I  have  always  felt  that  an 
alumnus  had  a  claim  to  my  best  endeavors  to  help  him,  if  I  could, 
no  matter  in  what  quarter  of  the  globe  he  lived,  or  whether  he 
asked  for  it  or  not.  The  friendly  intercourse  that  I  have  had  with 
the  graduates  is  a  large  part  of  the  brightest  memories  of  my  life. 
Such  a  mark  of  appreciation  of  my  work  as  you  have  sent  to  me 
from  them  is  very  grateful  to  me,  now  that  I  am  laid  aside  from 
active  duty,  and  I  most  heartily  reciprocate  their  kind  wishes. 

Yours  very  sincerely, 

Thos.  Egleston. 
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For  mining  and  other  purposes  compressed  air  forms  a  con- 
venient and  valuable  means  for  the  transmission  of  power.  The 
conveyance  of  steam  to  considerable  distances  involves  great  losses 
from  condensation  in  pipes,  and  in  employing  it  underground  for 
pumping  engines,  hoists,  etc.,  other  difficulties  are  often  encoun- 
tered. Prominent  among  these  difficulties  is  the  disposal  of  the 
exhaust  steam,  which,  if  discharged  into  the  mine  workings,  in- 
creases the  temperature  and  amount  of  moisture  in  the  air,  tending 
to  cause  more  rapid  deterioration  of  the  timbering,  softening  and 
slacking  oiT  the  walls  of  the  workings,  and  to  render  the  mne 

*  As  this  outline  is  intended  particularly  for  the  use  of  students  in  mining  engi- 
neering much  has  been  left  unsaid  as  regards  the  theory  of  air  compression,  the  im> 
portant  uses  of  the  indicator  in  studying  the  behavior  of  air  during  compression,  and 
various  details  of  construction  and  proportions  of  parts  which  &U  properly  within  the 
province  of  the  mechanical  engineer. 
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atmosphere  uncomfortable  and  unwholesome  for  the  miners.  The 
presence  of  hot  steam  pipes  in  the  narrow  compartments  of  shafts 
is  also  objectionable.  Loss  from  condensation  in  long  lines  of 
steam  pipe  is  unavoidable.  This  loss  may  be  diminished  by  carefully 
covering  the  pipe  with  good  non-conducting  material,  but  even 
with  the  best  covering  the  effective  pressure  at  the  underground 
engine  is  seriously  reduced,  and  very  uneconomical  working  is  the 
result. 

Compressed  air,  on  the  other  hand,  may  be  conveyed  long  dis- 
tances with  a  very  small  loss  of  pressure,  and  is  easily  distributed 
for  application  to  a  variety  of  industrial  purposes  for  which  steam 
would  not  be  practically  available.  In  mining  compressed  air  is 
employed  mainly  for  operating  machine  drills,  also  for  driving 
small  underground  hoists  in  confined  workings,  and  even  for  un- 
derground pumps,  though  thus  far  to  a  limited  extent.  Coal 
cutters,  for  the  mining  of  bituminous  coal,  are  frequently  operated 
by  compressed  air.  The  occasional  use  of  compressed  air  locomo- 
tives in  collieries  and  in  tunneling  operations  on  a  large  scale  fur- 
nishes an  example  of  its  capacity  for  storing  power.  Electricity  is 
often  cited  as  a  rival  or  competitor  of  compressed  air  in  the  field 
of  mining,  as  both  possess  characteristics  which  make  them  par- 
ticularly convenient  in  connection  with  underground  work.  Two 
things  should  be  borne  in  mind,  however;  first,  that  the  spheres  of 
usefulness  of  these  two  power  transmitters  are  not  identical ; 
second,  that  compressed  air  is  not  merely  a  means  of  transmitting 
power,  but  fulfills  incidently  other  important  functions.  Con- 
spicuous among  these  is  its  great  practical  service  underground  as  a 
ventilating  agent.  The  exhaust  from  machine  drills,  or  other 
machinery,  is  of  positive  benefit  in  adding  large  volumes  of  fresh 
air  to  the  working  places  of  mines,  just  where  ventilation  is  most 
needed.  The  introduction  of  compressed  air — together  with  that 
of  dynamite — ^has  made  possible  the  rapid  construction  of  long 
railroad  and  mining  tunnels  which,  without  these  aids,  would  have 
been  greatly,  delayed  or  even  Wholly  impracticable.  Another 
feature  of  compttessed  air  is  that  it  is  always  ready  to  do  its  work, 
and  aside  from  leakage  from  trafismission  pipes,  which  should  be 
preventable,  suffers  no  loss  nor  diminution  of  power  when  not  in 
actual  use.  For  performing  work  intermittently,  at  a  distance  from 
its  source,  it  has  no  rival. 

Up  to  the  present  time  no  perfectly  satisfactory  electric  rock 
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drill  has  been  invented.  Air  drills,  though  they  are  far  from  be- 
ing economical,  considered  simply  as  machines,  fulfil  their  purpose 
admirably,  and  in  operating  them  compressed  air  finds  one  of  its 
most  important  applications.  The  high  speed  of  electric  motors, 
as  ordinarily  constructed,  is  objectionable  for  many  kinds  of  ser- 
vice, and  for  driving  pumps  and  hoisting  engines  must  be  reduced 
by  gearing.  Moreover,  the  introduction  of  electric  machinery  into 
collieries  is  attended  with  some  risk  of  exploding  fire-damp,  on 
account  of  sparking  at  the  motor  brushes  and  from  the  rupture  o\ 
conductors.  These  dangers  have  not  yet  been  entirely  obviated, 
and  lead  many  colliery  operators  to  hesitate  to  adopt  electric 
transmission  of  power. 

Although  by  virtue  of  its  numerous  successful  applications^ 
electricity  has  become  for  many  purposes  a  competitor  of  com- 
pressed air,  the  field  is  broad  and  there  is  room  for  both. 

General  Structure  of  Compressors. 

An  air  compressor  consists  essentially  of  a  cylinder  in  which 
atmospheric  air  is  compressed  by  a  piston,  the  power  for  driving 
which  may  be  derived  from  steam,  or  water,  or  even  electricity. 
The  air  cylinder  is  usually  double  acting,  and  as  commonly  con- 
structed is  provided  with  inlet  and  discharge  valves  in  each 
cylinder  head.  Before  considering  the  operation  and  various  ap- 
purtenances of  the  air  cylinder,  it  will  be  well  to  look  into  the 
general  mechanical  structure  of  the  compressor  and  the  methods 
of  applying  the  power. 

Classification  of  Steam-driven  Compressors, 

A,  "Straight-line"  type,  in  which  a  single  horizontal  air  cyl- 
inder is  set- tandem  with  its  steam  cylinder,  and  provided  with  two* 
fly-wheels.  This  pattern  is  almost  invariably  adopted  for  com- 
pressors of  small  size.  Fig.  i  shows  in  plan  and  longitudinal 
section  an  Ingersoll-Sergeant  straight-line  compressor. 

B.  Duplex  type,  in  which  there  are  two  steam  cylinders,  coupled 
at  90^  to  a  crank  shaft  carrying  a  fiy-wheel,  and  each  driving  an 
air  cylinder.     Fig.  2  shows  a  Rand  duplex  compressor. 

C  Horizontal,  cross-compound  engines,  each  steam  cylinder  set 
tandem  with  an  air  cylinder  as  in  B, 

D,  Vertical,  simple  or  compound  engines,  with  the  air  cylinders 
set  above  the  steam  cylinders. 
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E,  Compound  or  stage-compressors,  in  which  the  cylinders 
themselves  are  compounded.  The  compression  is  carried  to  a 
certain  point  in  one  cylinder  and  completed  at  the  desired  pres- 
sure in  the  other.  They  may  be  either  of  the  single  or  duplex 
form,  with  simple  or  compound  steam  cylinders.  Fig.  3  gives  a 
longitudinal  section  of  a  recent  type  of  Norwalk  compressor. 

The  first  three  classes  are  those  commonly  employed  for  mine 
service,  but  the  principle  of  compound  air  compression  is  now  rec- 
ognized as  applicable  for  even  the  moderate  pressures  required  in 
mining,  and  the  compressors  of  class  E  are  coming  into  more 
general  use.  The  vertical  type,  class  D,  is,  as  a  rule,  adopted  only 
for  very  large  plants.  It  may  be  sometimes  an  incidental  advan- 
tage of  the  vertical  form  that  it  occupies  less  floor  space,  but  it  is 
rarely  used  for  mines.  The  horizontal  engines  have  a  much 
larger  area  of  base,  and  the  engine  frame  and  foundation  are  less 
expensive.  They  are  more  accessible,  also,  for  attendstnce,  oiling 
and  repairs.  Compressors  with  compound  steam  cylinders  are  be- 
coming widely  used,  as  they  make  possible  a  greater  degree  of 
economy  in  the  production  of  compressed  air.  In  at  least  one 
make  of  compressors,  compound  steam  cylinders  are  used  even  for 
the  straight -line  pattern.     (Fig.  3.) 

In  the  first  class  mentioned,  which  i^  a  very  compact  form 
largely  employed  for  compressors  of  moderate  capacity,  the  air 
and  steam  cylinders  are  just  far  enough  apart  to  allow  the  cross- 
head  to  be  placed  between  them.  From  this  cross-head  a  pair  of 
fly-wheels  are  driven  by  connecting  rods  on  each  side.  The  best 
form  of  cross-head  has  a  swivel  connection  with  the  piston  rod  to 
allow  for  irregularity  in  alignment,  thus  avoiding  undue  friction 
and  unequal  wear.  The  fly-wheels  are  mounted  at  each  side  of 
the  steam  cylinder,  and  are  solidly  supported  by  the  same  frame 
and  bed-plate.  By  using  a  pair  of  fly-wheels  for  these  small  com- 
pressors, not  only  are  the  moving  parts  better  balanced,  but  each 
fly  wheel  may  be  made  smaller  and  lighter  than  if  there  were  but 
one.  In  the  horizontal  duplex  and  compound  compressors  a  sin- 
gle fly-wheel  is  placed  between  the  cylinders  at  one  end  of  the 
frame,  and  is  connected  through  cranks  with  the  steam  cylinder 
piston  rods.     This  is  the  form  in  general  use  for  large  plants. 

Another  form  of  compressor,  not  often  employed,  has  one  air 
and  one  steam  cylinder,  connected  by  cranks  on  the  fly-wheel 
shaft.     It  possesses  the  advantage  that  the  full  power  of  the  steam 
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cylinder  is  exerted  at  the  end  of  the  stroke  of  the  air  cylinder — 
just  where  it  is  most  needed — but  the  engine  is  not  so  well  bal- 
anced»  occupies  about  three  times  the  space  of  a  straight-line 
compressor  of  the  same  capacity,  and  requires  a  much  more  ex- 
pensive foundation. 

In  the  tandem  duplex  compressor  (Fig.  2)  it  is  best  to  place  the 
steam  and  air  cylinders  of  each  pair  far  enough  apart  to  prevent 
the  same  portion  of  the  piston  rod  from  passing  into  both  stuffing 
boxes.  The  reasons  for  this  are:  (i)  the  piston  rod  is  apt  to 
wear  differently  in  the  two  stuffing  boxes,  so  that  it  becomes  diffi- 
cult to  keep  them  well  packed  and  tight  if  the  rod  passes  alter- 
nately from  one  into  the  other ;  (2)  in  this  construction  the  steam 
and  air  piston  rods  may  be  in  separate  pieces,  coupled  together 
between  the  cylinders.  This  is  a  matter  of  convenience  in  mak- 
ing repairs.  Whenever  the  tandem  forip  is  used  it  is  essential 
that  the  steam  and  air  cylinders  shall  be  accurately  and  rigidly  held 
in  alignment.  They  are,  therefore,  connected  by  tie-rods,  and  are 
often  set  on  the  same  bed  plate.  In  the  case  of  straight  line  com- 
pressors of  class  A,  the  cylinders  are  bolted  to  a  heavy  girder 
frame  preventing  any  possibility  of  movement. 

Occasionally  the  compressor  is  driven  by  an  engine  which  fur- 
nishes power  also  for  other  purposes.  This  is  done  by  gearing  or 
belting,  or  by  a  crank  on  a  separate  shaft  It  is  generally  desir- 
able, however,  that  the  compressor  be  self-contained  and  inde- 
pendent of  other  machinery. 

Method  of  Operation  of  Steam-driven  Compressors.  In  compress- 
ing air  steam  operates  uhder  peculiar  conditions,  and  usually  works 
at  a  disadvantage.  An  inspection  of  the  combined  air  and  steam 
diagram  (Fig.  4)  will  make  the  matter  plain.     At  the  beginning  of 
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the  stroke  the  air  in  front  of  the  piston  is  at  atmospheric  pressure. 
As  the  piston  advances  the  air  pressure  at  first  increases  slowly, 
while  towards  the  end  of  the  stroke  it  rises  very  rapidly.  In  other 
words,  the  resistance  in  the  air  cylinder  varies  from  zero  at  the  be* 
ginning  of  the  stroke  to  its  maximum  near  the  end.  The  power 
developed  in  the  steam  cylinder,  on  the  contrary,  when  working 
with  a  cut-off,  is  in  exactly  the  reverse  order.  The  initial  steam 
pressure  is  often  even  lower  than  the  final  air  pressure,  as  shown  by 
the  diagram.  With  a  steam  pressure  of  60  lbs.,  for  example,  air  may 
be  easily  compressed  to  80  lbs.,  or  more.  For  compressors, 
therefore,  heavy  fly-wheels  are  required  to  carry  the  engine 
over  its  center,  storing  up  the  surplus  steam  power  in  the 
first  part  of  the  stroke,  and  giving  it  out  at  the  end.  It 
follows  that  there  is  a  marked  want  of  smoothness  in  the 
running  of  compressors,  which  causes  severe  strains  in  the  moving 
parts.  This  is  specially  noticeable  in  the  simple  straight-line  type, 
which,  when  the  air  in  the  receiver  is  up  to  gauge  pressure,  will 
often  be  brought  almost  to  a  standstill  and  barely  turn  over  the 
center.  It  would  appear,  then,  that  only  a  small  ratio  of  expan- 
sion in  the  steam  cylinder  could  J3e  employed,  and  in  fact  some  of 
the  older  forms  of  straight-line  compressors  took  steam  throughout 
a  large  part  of  the  stroke.  But  this  difficulty  is  met  in  great  meas- 
ure by  the  inertia  of  the  fly-wheels  and  other  moving  parts.  The 
dimensions  of  the  steam  and  air  cylinders  are  proportioned  for  a 
fixed  ratio  of  expansion  within  certain  limits,  and  in  addition  the 
steam  cylinders  of  many  of  the  straight-line  compressors  are  pro. 
vided  with  an  adjustable  cut-off  valve  (Fig.  i).  This  valve  amoves 
on  the  top  of  the  main  valve  and  controls  ports  in  the  latter  through 
which  steam  is  admitted  to  the  cylinder  ports.  It  is  operated  by 
a  separate  excentric,  and  by  a  hand  wheel  b  outside  of  the  end  of 
the  valve  chest  may  be  easily  regulated  according  to  the  pressure, 
which  varies  with  the  rate  of  consumption  of  air. 

A  number  of  arrangements  have  been  devised  to  equalize  the 
power  and  resistance,  by  varying  with  respect  to  one  another  the 
positions  of  the  air  and  steam  cylinders  and  their  cranks.  For  ex- 
ample, in  the  earlier  form  of  Ingersoll,  Burleigh  and  De  la  Vergne 
compressors,  the  cylinders,  instead  of  being  parallel  to  each  other, 
were  placed  at  90^,  with  the  cranks  at  30^.  In  the  old  Rand  and 
Waring,  of  1876,  the  cylinders  were  set  at  45°,  the  steam  cylinder 
being  of  the  oscillating  type.     The  object  of  these  devices  was  so 
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to  time  the  movements  of  the  air  and  steam  pistons  that  the  power 
developed  in  the  steam  cylinder  should  be  at  its  maximum  when 
the  air  piston  was  just  completing  its  stroke.  But  such  construe 
tions  are  difficult  to  make  sufficiently  strong  and  rigid.  They  re- 
quire  heavy  and  expensive  engine  frames  and  foundations,  and  the 
results  have  not  been  satisfactory. 

Duplex  Compressor.  Equalization  in  the  work  of  the  two  cylin* 
ders  is  attained  approximately  by  the  duplex  compressor.  In  this 
type  a  considerable  ratio  of  cut-off  is  used,  and  the  fly  wheel 
needs  not  be  relatively  so  heavy  as  for  the  straight-line.  Never- 
theless, even  here  it  is  customary  to  use  excessively  large  fly  wheels. 
This  form  is  widely  employed  for  large  plants.  Besides  attaining 
a  greater  degree  of  equalization  there  are  other  advantages:  (i), 
the  duplex  compressor  can  be  run  at  a  very  low  speed  without 
getting  on  a  center;  (2),  as  each  half  is  complete  in  itself  one  side 
may  be  disconnected  for  repairs,  or  when  a  smaller  capacity  is  de- 
sired.  The  objections  to  this  form  are:  (i),  the  strains  on  cranks 
and  crank  shafts  are  greater  than  in  regular  steam  engines  work- 
ing under  a  uniform  load,  and  therefore  require  large  bearings  and 
a  heavy  foundation ;  (2),  the  loss  from  friction  alone  is  seldom  less 
than  12  to  15  per  cent,  while  in  the  straight-line  compressor  it 
may  be  but  little  more  than  5  per  cent* 

Size  of  Air  Cylinders.  It  is  customary  to  build  compressors  with 
a  short  stroke.  With  a  long  stroke,  and  relatively  small  diameter  of 
cylinder,  the  piston  would  travel  some  distance  under  a  constantly 
increasing  resistance;  then  after  the  discharge  valves  open,  it 
would  advance  a  considerable  distance  farther  under  a  uniform  re- 
sistance, while  adding  nothing  to  the  amount  of  useful  work.  In 
ordinary  single-stage  compressors  the  usual  ratio  of  length  of 
stroke  to  diameter  of  steam  cylinders  is  i^  to  i,or  i  5^  to  i,  being 
thus  somewhat  less  than  for  plain  steam  engines.  The  diameter 
of  air  cylinder  is  slightly  greater  than  that  of  steam  cylinder.  In 
some  makes  of  compressor,  however,  such  as  the  Rand,  the  ratio 
of  length  to  diameter  is  considerably  greater  than  the  above,  vary- 
ing from  I ^  to  I ^  to  I,  as  in  several  large  plants  built  for  the 
Calumet  and  Hecla  Mining  Co.  Under  similar  conditions  the  air 
can  be  cooled  more  effectually  in  a  small  than  a  large  water-jack- 
eted  cylinder,  and  in  this  respect  several  small  compressors  would 
produce  better  results  than  a  single  large  one.    Also,  in  mine  work, 

*W.  L.  Saunders,  Compressed  Air  Production,  p.  15. 
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where  the  demand  upon  the  air  supply  is  variable,  there  might  be 
some  advantage  in  a  compressor  plant  composed  of  several  units. 

Vatue  Motion  for  Steam  Cylinders.  This  is  not  a  vital  matter. 
Compressors  of  the  straight-line  pattern,  and  in  general  all  those 
of  moderate  siie,  are  provided  with  slide  valves.  Duplex  com- 
pressors have  an  easily  adjusted  cut-off  valve,  and  in  the  straight- 
line,  as  stated  above,  a  special  cut-off  is  introduced,  capable  of  being 
adjusted  by  hand  while  the  compressor  is  in  operation.  Some 
makers  employ  Corliss  valve-gear  for  large  compressors  of  the 
duplex  or  compound  type.  The  first  cost  of  this  gear  is  greater, 
but  its  advantages  in  point  of  economy  are  welt-known.  Cornish 
or  poppet  valves  are  used  for  some  of  the  European  compressors. 

Compressors  Driven  by  Water  Power.  Water  power  may  be  ap- 
plied in  a  variety  of  ways,  but  if  possible  it  should  be  done  with- 
out the  use  of  gearing.  The  cranks  of  the  air  cylinders  may  be 
connected  directly  with  the  shaft  of  an  ordinary  overshot  wheel, 
the  weight  of  which  would  supply  the  place  of  a  fly  wheel.  Such 
an  arrangement  would  rarely  be  necessary,  or  advisable.  With  a 
low  head  of  water  a  turbine  on  a  horizontal  shaft  could  be  used  to 
drive  a  compressor,  or  a  horizontal  turbine  through  gearing  and 
belting.  With  a  sufficient  head,  however,  a  simple  bucket  impact 
wheel,  like  the  Pelton  or  Knight,  is  much  to  be  preferred,  and  is  fre- 
quently used.  It  is  arranged  as  shown  by  Fig.  5,  the  water  wheel 
being  mounted  upon  tne  crank-shaft;  or  if  the  speed  be  too  high 
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it  may  be  geared  down.  In  most  cases  the  wheel  may  be  large 
enough  to  render  gearing  unnecessary.  As  the  power  developed 
by  a  water  wheel  is  constant,  a  water  driven  compressor  works  more 
smoothly  than  one  operated  by  steam,  and  is  specially  satisfactory 
if  of  the  duplex  pattern.  These  impact  wheels  may  be  employed 
with  quite  small  heads  of  water  by  introducing  multiple  nozzles. 

Compressors  Dfiven  by  Elecitic  Power.  It  is  probable  that  in  the 
future  electric  motors  will  be  occasionally  employed  for  operating 
air  compressors ;  that  is,  when  electric  plants  are  installed  for  gen- 
eral power  purposes.  An  electric  plant  would  hardly  be  erected 
for  the  sole  purpose  of  running  a  compressor.  For  obtaining  a 
proper  air-piston  speed  the  armature  would  be  geared  to  the  crank 
shaft.  If  necessary  an  electric-driven  compressor  could  be  erected 
underground  near  the  point  of  application  of  the  power.  Most 
builders  have  already  inserted  in  their  catalogues  illustrations  and 
specifications  of  compressors  driven  by  electric  motors. 

The  Compression  of  Air. 

While  there  is  no  question  as  to  the  convenience  of  compressed 
air  as  a  means  of  transmitting  power,  and  though  it  is  in  such 
general  use  for  mining  and  other  purposes,  yet  in  the  actual  work 
of  compressing  the  air  there  are  considerable  losses  which  to  a 
large  extent  appear  to  be  unavoidable.  Even  in  the  best  compres- 
sors the  useful  effect  or  efficiency,  that  is,  the  ratio  of  the  force 
stored  up  in  the  compressed  air  to  the  work  which  has  been  ex- 
pended in  compressing  it,  probably  never  reaches  80  per  cent,  and 
often  falls  below  60  per  cent.*  To  understand  the  causes  of  these 
losses  it  will  be  necessary  to  consider  the  principles  involved  in  the 
operation  of  compressing  air.  A  brief  statement  only  of  these 
principles  will  be  made  here. 

The  relations  existing  between  the  volume,  pressure  and  tem- 
perature of  air  during  its  compression  or  expansion  are  expressed 
by  two  laws : 

I.  At  a  constant  temperature  the  volumes  occupied  by  a  given 
quantity  of  air  (or  any  perfect  gas)  are  inversely  proportional  to 
the  pressures.  This  law  is  expressed  by  the  equation  :  /\  J^  = 
Pil\=^  P^V^,  etc.,  which  is  a  constant  quantity.  It  is  given  in 
terms  of  absolute  pressure,  that  is,  above  vacuum.  (Pressure 
gauges  register  pressures  above  that  of  the  atmosphere,  or  14.7 

*  Frank  Richards.    Compressed  Air,  1896,  p.  97. 
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lbs.  per  square  inch.)  Under  this  law,  then,  when  a  quantity  of 
atmospheric  air  is  compressed  to  O.147  of  its  original  volume,  a 
pressure  of  100  lbs.  per  square  inch  is  obtained;  when  compressed 
to  0.074  of  its  original  volume  the  pressure  becomes  200  lbs.,  and 
so  on. 

2.  During  the  compression  of  air  heat  is  generated,  and  when  it 
is  allowed  to  expand  again  to  its  origmal  volume  this  heat  is  given 
up.  The  relation  between  volume  and  temperature  is  expressed 
by  the  equation :  PF=  P^y^^i  +  at),  in  which  P  and  F represent 
the  pressure  and  volume  of  a  given  weight  of  air  (or  gas)  at  t®C. 
above  the  freezing  point,  P^  and  V^  are  the  pressure  and  volume 
of  the  same  quantity  of  air  at  the  freezing  point,  and  a  is  the  co- 
efficient of  expansion  -of  air,  which  is  practically  constant  and  is 
very  nearly  -j-f^^  Hence,  for  a  rise  in  temperature  of  i°C.,  the  vol- 
ume of  the  air  increases  by  ^f^-  of  the  volume  occupied  at  O^C, 
under  the  same  pressure,  or  ^Jy  per  degree  Fah.  The  develop- 
ment of  heat  reacts  upon  the  air  under  compression,  and  increases 
the  pressure  which  would  be  due  merely  to  the  reduction  in  vol- 
ume. By  cooling  the  compressed  air  to  its  original  temperature 
the  pressure  would  be  reduced  to  the  normal  amount,  according 
to  the  first  law.  It  is  evident  that  this  property  of  air  has  an  im- 
portant application  in  the  production  and  use  of  compressed  air. 
The  heat  generated  during  compression  and  corresponding  to  dif- 
ferent pressures  is  shown  by  the  following  table : 

Table  I. 


Pressure  in 
Atmospheres. 

Absolute  Pressures. 
Lbs.  per  Sq.  In. 
above  Vacuum. 

Volumes  in 
Cubic  Feet. 

Temperatures, 
Degrees  Fah. 

60.0 

Corresponding 

Increases  ot 

Temperature. 

I.OO 

14.70 

I.OOO 

00.0 

1.25 

18.37 

a854 

94.8 

34.8 

1.50 

22.05 

0.750 

124.9 

64.9 

2.00 

29.40 

0.612 

175.8 

1 15.8 

3.00 

44.10 

0.459 

255.1 

195. 1 

4.00 

58.80 

0.374 

3»7.4 

257.4 

5.00        ^ 
&00 

73.50 

0.319 

369.4 

309.4 

88.20 

0.281 

414.5 

354.5 

7.00 

102.90 

0.252 

454.5 

394.5 
430.6 

8.00 

117.60 

0.229 

490.6 

10.00 

147.00 

0.195 

554.0 

494.0 
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It  follows  from  the  results  obtained  above  that  if  the  tempera- 
ture of  the  air  be  allowed  to  rise  during  compression  a  loss  of 
work  ensues. 

Methods  of  Compression,  Theoretically,  air  may  be  compressed 
in  two  ways : 

1.  The  temperature  may  be  kept  constant  during  compression, 
the  heat  generated  being  abstracted  by  cooling  devices  as  fast  as  it 
is  developed.  In  this  case  the  pressure  of  the  air  varies  according 
to  the  first  law,  and  compression  takes  place  isothermally. 

2.  The  temperature  may  be  allowed  to  rise  without  check  dur- 
ing the  period  of  compression ;  that  is,  there  is  no  transference  of 
heat.  Here  the  operation  is  in  accordance  with  the  second  law. 
The  rise  in  temperature  increases  the  pressure  which  would  be  due 
to  reduction  of  volume  only.     This  is  called  adiabatic  compression. 

The  relations  between  the  two  conditions  of  compression  is 
shown  by  Fig.  4.    By  laying  ofiF  to  scale  the  volumes  of  air  on  the 
horizontal  line  the  corresponding  pressures  at  different  points  of 
the  stroke  are  measured  on  the  verticals.    The  adiabatic  curve 
rises  more  rapidly  than  the  isothermal,  according  to  the  law.     Per- 
fect isothermal  compression  cannot  be  attained  in  practice.     Even 
with  the  best  cooling  arrangements  the  compressor  would  have  to 
run  at  an  extremely  slow  speed,  and  be  of  very  large  size  to  ap- 
proach closely  the  condition  of  isothermal  compression.     On  the 
other  hand,  if  the  air  compressed  adiabatically  could  be  kept  hot 
until  used  loss  of  work  would  be  prevented.     But  neither  can  this 
be  done.    The  air  is  almost  always  conveyed  to  considerable  dis- 
tances before  it  is  used,  and  the  loss  of  heat  by  radiation  from  the 
pipes  soon  reduces  the  pressure  to  that  corresponding  with  the 
temperature  of  the  surrounding  atmosphere.     In  practice,  there- 
fore, neither  method  of  compression  is  possible.     As  a  matter  of 
fact,  a  combination  or  modification  of-  the  two  is  employed,  the 
net  result  depending  upon  the  degree  of  perfection  of  the  com- 
pressing engine.    As  shown  on  the  diagram,  the  actual  line  of 
compression    must  lie  somewhere  between  the  adiabatic    and 
isothermal  lines.    When  compressing  in  a  single  cylinder  to  60  or 
80  lbs.  pressure,  and  at  a  piston  speed  not  exceeding  300  feet  per 
minute,  it  is  probable  that  about  one-half  of  the  tptal  possible  cool- 
ing is  all  that  maybe  expected.^   The  aim  is  to  begin  compression  at 
alow  initial  temperature  and  to  bring  the  compression  line  as  close 

*  Frank  Richards,  Compressed  Air,  p.  66.  ** 
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as  possible  to  the  isothermal  line.  It  is  evident  that  there  is  but  a 
narrow  marp;in  in  which  to  effect  further  savinjg.  The  air  should 
be  cooled  as  thoroughly  as  may  be  during  compression  and  before 
it  leaves  the  cylinder.  Any  subsequent  cooling  must  entail  addi- 
tional  loss.  Some  distance  must  be  traversed  by  the  piston,  in 
compressing  the  air,  before  there  is  any  considerable  rise  in  tem- 
perature, and  until  the  temperature  does  rise  no  cooling  can  be 
effected.  In  other  words,  the  abstraction  of  heat  does  not  begin 
at  the  beginning  of  the  stroke.  The  temperatures  of  the  air  taken 
into  the  cylinder  and  of  the  water  used  for  cooling  are  likely  to  be 
nearly  the  same,  so  that  all  the  possible  reduction  of  temperature 
in  the  cylinder  must  take  place  in  a  period  of  time  less  than  that 
occupied  in  making  the  stroke.  In  fact,  most  of  the  cooling 
is  done  necessarily  in  the  latter  half  of  the  stroke.  It  should 
be  noted  also  that  soon  after  the  compressor  begins  running 
the  cylinder  itself  .becomes  quite  .hot  and  heats,  the  air  during 
intake. 

There  are  two  methods  of  absorbing  the  heat  produced  by  com- 
pression : 

1.  By  injecting  cold  water  into  the  air  cylinder. 

2.  By  cooling  the  cylinder  from  without,  enveloping  it  in  a 
cold-water  jacket. 

Machines  of  the  first  class  -are  known  as  "  wet  compressors ;" 
those  of  the  second,  •'  dry  compressors." 

The  formula  previously  cited  may  be  put  into  the  form  :  PV^=. 
P^  V^  =  constant.  The  average  value  of  the  coefficient  n  has  been 
found  for  the  different  systems  of  compression.  In  the  case  of 
purely  adiabatic  compression,  with  no  cooling  arrangements, 
n  =  1.408;  in  dry  compressors,  provided  with  a  water  jacket,  n  is 
roughly  1.3,  while  in  wet  compressors  (spray  injection)  n  becomes 
1.2.  In  the  poorest  forms  of  compressor  the  value,  « =  1.4,  is 
closely  approached.*  The  following  diagrams,  Figs.  6,  7  and  8, 
show  the  relative  positions  of  the  several  compression  lines,  the 
areas  between  the  compression  and  isothermal  lines  being  shaded 
in  each  case.  (It  should  be  stated  here  that  these  diagrams,  with 
others  used  in  this  article,  are  not  actual  indicator  diagrams.  They 
are  intended  only  approximately  to  represent  the  relations  be- 
tween the  various  lines.) 

*Prof.  Goodman.  Fed.  Inst.  Min.  Engs.,  Vol.  VII.,  p.  246. 
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Fig.  6. 
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Fig.  7. 
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Wet  Compressors. 

Wet  compressors  are  of  two  kinds : 

1.  Those  in  which  water  is  introduced  in  bulk  into  the  air  cylin- 
der  and  is  injected,  also,  in  the  form  of  spray. 

2.  Those  in  which  water  is  injected  in  the  form  of  fine  spray  or 
jets  only. 

Compressors  of  the  first  type  have  been  much  used  in  Europe,  but 
are  now  nearly  superseded  by  later  designs.  One  of  the  earlier 
forms,  the  Humboldt,  will  serve  as  as  an  example  (Fig.  9).  The 
water  constitutes  a  piston  for*  compressing  the  air,  an  ordinary 
plunger,  like  that  of  a  pump,  moving  in  a  horizontal  cylinder 
filled  with  water.  At  each  end  of  the  cylinder,  and  connected  with 
it  by  an  easy  curve,  is  a  vertical  air  chamber.    The  upper  ends  of 
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Fig,  9. 

these  chambers  are  provided  with  the  necessary  air  inlet  and  dis- 
charge valves.  As  the  piston  moves  the  air  is  alternately  drawn 
into  one  air  chamber,  and  compressed  in  the  other,  by  the  rise  and 
fall  of  the  water  level.  At  the  end  of  each  stroke  the  air  com- 
pressed by  the  rising  column  of  water  passes  through  the  discharge 
valve  into  the  receiver.  As  the  air  comes  into  contact  with  the 
mass  of  water  a  partial  cooling  is  effected,  and  to  prevent  the  water 
itself  from  becoming  heated  a  constant  circulation  must  be  main* 
tained.  A  further  cooling  is  brought  about  by  the  injection  of 
sprays  into  the  cylinder  and  vertical  air  chambers.  This  type  of  com- 
pressor is  simple,  and  if  the  sprays  be  copious  the  air  is  quite  efTec- 
tually  cooled,  but  it  is  generally  limited  to  rather  slow  speeds 
(only  100  to  150  feet  piston  speed  per  minute,  or  less,  for  some 
forms),  on  account  of  the  inertia  of  the  body  of  water.*  This  is 
about  ^  to  ^  of  the  piston  speed  of  modern  compressors,  and  it 
follows  that  such  engines  are  large  and  bulky  for  a  given  output  of 
air.  It  is  claimed,  however,  that  a  more  recent  form  of  Humboldt 
wet  compressor,  made  at  Kalk,  near  Cologne,  Germany,  can  be  run 
successfully  at  speeds  of  from  300  to  360  feet  per  minute,  the  tem- 
perature of  the  air  at  discharge  being  kept  at  77°  to  80°  Fah. 
(Fig.  I0).t  This  is  certainly  good  work.  The  machines  are  made 
of  large  size,  and  the  vertical  air  chambers  join  the  cylinder  with  a 
curve  of  long  radius  to  ease  the  movements  of  the  mass  of  water. 
A  serious  difficulty  with  wet  compressors  of  this  class  is  that  the 
.  water  tends  soon  to  become  hot,  and  an  efficient  circulation  of  cold 
water  is,  not  easy  to  maintain.  Only  a  small  amount  of  fresh 
water  can  be  injected  at  each  stroke,  and  if  no  sprays  be  used  the 
cooling  is  exceedingly  imperfect. 

*  CtlUtry  Enginter,  Aa£.,  1894,  p.  6. 

^P.  R.  Bjarling,  Callitry  Guardian,  Oct  3,  1896,  pp.  6i9-£30. 
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Compressors  of  the  second  class,  in  whicii  water  is  used  only  in 
the  form  of  jets  or  spray,  constitute  an  imprevement  upon  the 
older  design,  in  being  much  less  cumbrous  and  permitting  a 
higher  working  speed.  Though  still  frequently  used  they  have 
given  way  in  great  measure  to  dry  compressors,  at  least  in  Ameri- 
can practice.  The  air  cylinder  does  not  differ  materially  in  gen- 
eral structure  from  that  of  the  dry  compressor.  A  small  water 
pipe  is  tapped  into  each  cylinder  head,  and  fine  spray  Is  injected 
into  the  air  ia  front  of  the  piston  while  compression  is  taking 
place.  A  dry  compressor  may  be  converted  into  a  wet  compres- 
sor merely  by  providing  the  cylinder  with  these  water  jets.  The 
injected  water  collects  in  the  cylinder  until  enough  is  present  to 
fill  the  clearance  space  at  the  end  of  the  stroke.  Then  any  addi- 
tional amount  of  water  is  forced  out  at  each  stroke  with  the  com- 
pressed air  through  the  discharge  valves  into  the  air  receiver. 
From  the  receiver  it  is  drained  away  at  the  bottom  from  time  to 
time.  The  water  used  for  injection  should  be  as  pure  and  cold  as 
possible.  Gritty  water  must  never  be  employed,  as  it  would  injure 
the  cylinder,  piston  and  valves. 

A  proper  injection  apparatus  should  fulfil  three  conditions :  * 

•  W.L.Satuiden,£iif.a»i/^(iiti(^70Hr.,Oct.  30,  tS88,p.  310,    See  klio  Cat- 

lUry  GitardiaM,  Aug.  38,  IS96,  p.  396. 
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1.  The  injection  must  commence  at  the  beginning  of  the  stroke 
and  continue  to  the  end,  against  the  advancing  piston. 

2.  There  should  be  a  thorough  diffusion  of  the  water  in  the 
form  of  spray  throughout  the  cylinder.  By  mere  surface  contact 
water  takes  up  but  little  heat.  Even  a  single  strong  jet  is  quite  ef- 
fectual, however,  because  on  striking  the  piston  it  is  thoroughly 
broken  into  spray. 

3.  A  definite  volume  of  water  must  be  injected,  the  volume  in- 
creasing with  the  pressure  under  which  the  compressor  is  workings 
that  is,  with  the  quantity  of  heat  generated. 

If  the  quantity  of  water  used  be  insufficient  to  abstract  the  heat 
a  large  amount  of  moisture  will  be  taken  up  by  the  warm  air  and 
carried  into  the  receiver  and  piping.  The  heat  units  developed 
by  compression  having  been  calculated,  the  quantities  of  water 
required  for  different  pressures  are  shown  in  the  following  table. 

The  average  temperature  of  injection  water  may  be  taken  as 
say  68^  Fah.,  and  is  considered  as  having  accomplished  its  work 
if  it  leaves  the  cylinder  at  104°  Fah.,  these  temperatures  corre- 
sponding respectively  to  20^  and  40^  C* 


Table  II. 

Pressures. 

Heftt  units 
developed  by 
compression 

in  I  ft),  of 
free  air. 

Pounds  of  water  to  be 

injected  at  680  F.  to  keep 

temperature  at  104°  F. 

Gauge 
pressure. 
Pounds. 

Above 

vtcuam. 

Atmospheres. 

Per.  lb.  of 
free  air. 

Per.  cu.  ft  of 
free  air. 

2 

3 
4 

1 

7 
8 

9 
10 

14.7 
29.4 

44.1 

58.8 

102.9 
117.6 

1323 

3.702 

5.867 
7406 
8.598 

9.570 
10.398 

11.109 

11.740 

12.301 

0734 
1.164 

1.469 
1.701 

1.891 

2063 

2.204 

2.329 

2.440 

o.oc6 
0.089 
0.113 
0.131 
0.145 
0.158 
0.167 
0.179 
0.188 

Dry  Compressors. 

In  the  dry  system  of  compression  no  water  enters  the  air  cylin- 
der except  that  which  is  carried  as  moisture  in  the  air  itself.    All 

*  The  table  is  modified  from  that  given  by  Zahner,  **  Traosmissioa  of  Power  by 
Compressed  Air/'  p.  1 10,  English  units  being  substituted  for  French. 


NOTES  ON  AIR  COMPRESSORS.  215 

the  cooling  during  compression  is  efTected  by  a  water  envelope,  or 
"jacket,"  surrounding  the  cyhnder,  and  in  which  cold  water  is 
kept  constantly  circulating. 

Fig.  1 1  shows  the  longitudinal  section  of  one  of  the  latest  forms 
of  jacketed  air  cylinder — the  IngersoIl-SergcanL  The  complete 
compressor  is  shown  in  plan  and  section  in  Fig.  i.    The  cylinder 


is  enclosed  in  an  outer  shell,  leaving  an  annular  space,  J,  to  be 
occupied  by  the  water.  Besides  the  annular  jacket  nearly  one- 
half  the  area  of  each  end  of  the  cylinder  is  also  covered  by  a  water 
jacket  The  remainder  of  the  end  areas  is  occupied  by  valves,  as 
shown.  The  circulation  of  water  is  effected  by  pipes  connecting 
with  the  openings  A  and  B,  for  inlet  and  discharge.  To  cause  a 
proper  circulation  the  space  inclosed  by  the  jacket  is  divided  into 
two  parts.  The  cold  water  enters  at  A,  and  after  circulating 
through  the  annular  space  JJ.  around  the  forward  end  of  the  cyl- 
inder, passes  through  an  opening  in  the  bottom  of  the  jacket  to  the 
rear  end,  from  which  the  warm  water  is  finally  discharged  at  B. 
The  smaller  jackets  on  the  cylinder  heads  are  also  connected 
with  the  system  of  circulation.  C  is  a  drain  through  which  the 
jacket  is  blown  out  occasionally  to  clear  it  of  sediment.  In  the 
Clayton  compressor  the  jacket  is  divided  by  partitions  so  that  the 
cold  water  entering  at  the  top  passes  first  around  about  one- 
quarter  of  the  length  of  the  cylinder  nearest  each  end.  The  water 
then  circulates  around  the  middle  portion  of  the  cylinder  and  dis- 
charges at  the  top.     la  this  arrangement  the  fact  is  recognized 
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that  at  the  end  of  the  stroke,  where  the  air  pressure  is  highest,  the 
greatest  amount  of  heat  is  generated.  A  tank  at  some  elevation 
above  the  compressor  is  usually  provided  for  furnishing  the  circu- 
lation water,  or  a  small  pump  may  be  employed. 

Naturally,  a  partial  cooling  only  can  be  effected  by  jacketing  the 
air  cylinder.  Heat  is  generated  faster  than  it  can  be  abstracted, 
and  only  a  portion  of  the  volume  of  air  passing  through  the  cylin- 
der comes  into  direct  contact  with  the  cooling  surfaces.  It  is  im- 
portant, therefore,  that  as  much  as  possible  of  the  total  cylinder 
surface  be  covered  by  the  jacket,  and  that  the  piston  speed  be 
moderate. .  But,  as  the  air  is  comparatively  free  from  moisture, 
some  heating  is  not  so  objectionable  as  it  would  be  in  a  wet  com- 
pressor. As  a  matter  of  fact,  the  cylinder,  discharge  pipe  and 
even  the  receiver,  are  usually  quite  hot  when  the  compressor  is  run- 
ning at  full  speed.  In  some  compressors  the  inner  shell  of  the  air 
cylinder  is  made  of  hard  brass,  which  by  its  high  conductivity  as- 
sists in  carrying  off  heat.  With  the  same  end  in  view  the  cylinder 
shell  should  be  as  thin  as  is  consistent  with  safety.  To  furnish  a 
larger  cooling  surface  one  style  of  Rand  compressor  has  a  hollow 
back  piston  rod  and  a  hollow  piston,  through  which  water  is 
circulated.  This  back  piston  rod  works  telescopically  in  a  sta- 
tionary tube  connected  with  the  water  supply. 

Piston  Clearance  in  t/u  Air  Cylinder,  In  every  engine,  whether 
steam  engine  or  compressor,  the  amount  of  clearance  at  the  end  of 
the  stroke,  between  the  piston  and  cylinder  head,  is  a  matter  of  some 
importance.  It  has  a  special  bearing  in  the  case  of  a  compressor 
for  the  following  reason.  At  the  end  of  the  stroke  the  compressed 
air  in  front  of  the  piston  begins  to  pass  through  the  discharge  valve 
when  its  tension  reaches  that  of  the  air  in  the  pipe  leading  to  the 
receiver.  But  the  warm  compressed  air  filling  this  space  can 
be  never  wholly  discharged  from  the  cylinder  of  a  dry  compressor- 
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Oq  the  back  stroke  it  expands  again  and  partly  fills  the  cylinder 
behind  the  piston.  No  air  can  enter  through  the  inlet  valves 
until  the  pressure  inside  the  cylinder  falls  below  atmospheric  pres- 
sure. It  is  never  possible,  therefore,  to  take  a  full  cylind:r  of 
fresh  air  even  under  the  best  conditions,  and  the  clearance  space 
must  be  made  as  small  as  possible.  The  diagram.  Fig.  tz,  shows 
the  effect  of  clearance.  Although  it  causes  a  loss  in  the  capacity 
of  the  compressor  it  does  not  involve  an  actual  loss  of  power. 
Fig.  13  indicates  the  method  of  reducing  the  clearance  for  ordi- 
nary pistons,  by  casting  a  recess  in  the  cylinder  head  to  receive 
the  projecting  piston  nut  at  the  end  of  the  stroke.  The  loss  of 
volumetric  efficiency  due  to  clearances  of  course  increases  with 
the  air  pressure,  and  in  some  compressors  the  piston  is  run  exceed- 
ingly close  to  the  cylinder  head.  When  this  is  the  case  the  com- 
pressor must  have  careful  attention,  so  that  when  the  connecting 
rod  is  shortened  by  tightening  up  the  brasses,  as  they  wear,  the 
piston  will  not  be  in  danger  of  striking  the  cylinder  head. 


Fig.  13. 


Fig.  14. 


The  Johnson  compressor,  made  in  England,  has  an  ingeniously 
contrived  piston  to  meet  the  difficulty  just  mentioned,  (Fig.  14). 
It  is  composed  of  two  discs,  c  and  d,  mounted  upon  a  bronze  sleeve 
screwed  on  the  piston  rod,  A,  and  held  in  place  by  collar  and  lock- 
nut.  The  two  discs  forming  the  piston  are  so  cast  as  to  leave  be- 
tween them  a  recess  in  which  is  placed  a  heavy  helical  spring,/ 
This  spring  is  compressed  sufficiently  between  the  piston  discs  to 
prevent  it  from  being  further  compressed  under   the  maximum 
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working  air  pressure,  but  the  clearance  at  the  ends  of  the  stroke 
is  extremely  small,  and  should  the  piston  strike  the  cylinder  head 
the  spring  gives  slightly  and  an  injurious  shock  is  avoided.* 

A  number  of  other  devices  have  been  adopted  for  overcoming 
the  disadvantages  of  piston  clearance.  Two  examples  may  be 
given : 

1.  Longitudinal  bye-pass  grooves  {BB)^  are  cast  in  the  inner 
surface  of  the  cylinder  near  the  ends,  Fig.  13,  so  that  when  the 
piston  reaches  the  end  of  its  stroke  a  p^rt  of  these  grooves  is  un- 
covered,  and  the  compressed  air  in  the  clearance  space  passes  to* 
the  other  side  of  the  piston. 

2.  In  slide-valve  compressors  the  valve  may  be  provided  with  a 
so-called  '<  trick-passage."  At  the  end  of  the  stroke  this  passage 
is  brought  into  connection  with  two  small  ports  entering  the  ex- 
treme ends  of  the  cylinder.  Through  these  passages  the  high- 
pressure  air  in  the  clearance  space  is  released  into  the  other  end 
of  the  cylinder. 

By  such  methods  the  released  air  becomes  of  direct  benefit  in- 
stead of  being  a  disadvantage.  But  there  is  a  decided  objection 
to  the  employment  of  such  devices  if  all  the  confined  air  be  allowed 
to  pass  over,  because  the  heavy  pressure  on  the  piston  at  the  end 
of  the  stroke  is  suddenly  removed,  and  there  is  a  shock  to  the  mov- 
ing  parts.  In  the  most  recent  forms  of  compressor  made  in  the 
United  States  the  clearance  space  is  very  small,  but  the  air  con- 
fined  in  it  is  not  released.  It  furnishes  some  compensation  ia 
helping  to  overcome  the  inertia  of  the  moving  parts  at  the  begin- 
ning of  the  return  stroke. 

Dry  versus  Wet  Compressors. 

Up  to  about  1885  there  seemed  to  be  little  doubt  among  me- 
chanical  engineers  that  the  wet  compressors  were  upon  the  whole 
superior  to  the  dry,  because  by  bringing  the  air  into  direct  contact 
with  water  the  heat  is  most  eflfectually  absorbed.  This  view  is 
correct  so  far  as  heat  loss  alone  is  concerned.  Without  cooling 
the  percentage  of  work  converted  into  heat  during  compression,  and 
therefore  lost,  is  as  follows : 


*Bj5rIing,  Colliery  Guardian^  Aug.  7,  1896,  p.  272. 
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Compression 

to 

2 

atmospheres, 

9.2%  loss 

II 

3 

" 

150%   " 

II 

4 

u 

19.6%    " 

II 

5 

** 
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II 
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8 
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In  the  best  dry  compressors,  working  at  a  pressure  of  5  atmos* 
pheres,  the  heat  loss  is  reduced  about  one-half,  or  from  21.3  per 
cent,  to  1 1  per  cent  By  spray  injection  this  loss  has  been  cut 
down  in  good  American  practice  to  as  little  as  3.6  per  cent.,  and  in 
some  of  the  slow* running  European  wet  compressors  to  1.6  per 
cent*  But  the  question  of  heat  loss  is  not  the  only  considera- 
tion. Low  first  cast  and  simplicity  of  construction  are  often  more 
advantageous  than  the  attainment  of  a  high  degree  of  isothermal 
compression.  Latterly  the  wet  systems  have  lost  ground  in  the 
United  States,  and  in  Europe,  also,  dry  compression  has  grown  in 
favor,  at  least  for  mining  plants  and  others  of  moderate  size.  The 
)  matter  may  be  considered  from  two  standpoints,  as  regards : 

t  I.  The  effect  of  injected  water  upon  the  compressed  air  and  the 

machine  using  it. 

2.  The  effect  of  the  water  upon  the  working  of  the  compressor. 
In  addition,  it  is  necessary  to  take  account  of  the  relative  efficien- 
cies of  the  two  types,  but  this  will  be  deferred  until  later. 

First,  there  is  no  question,  as  has  been  pointed  out,  that  by  using 
large  slow-speed  engines,  and  an  abundance  of  injection  water,  the 
air  is  well  cooled,  though  at  a  higher  first  cost  for  plant.  Wet 
compression  gives  a  good  indicator  card,  also.  It  is  shown  by  the 
following  table  that  in  compressing  moist  air  less  work  is  expended 
than  for  dry  air.  This  is  due  to  the  fact  that  the  specific  heat  of 
watery  vapor  is  about  twice  that  of  dry  air;  therefore  in  the 
presence  of  moisture  more  heat  is  required  to  raise  the  tempera- 
ture of  the  air  in  the  compressing  cylinder,  and  the  loss  of  work  is 
reduced.t 


*  W.  R.  Saunders,  Compressed  Air  Production,  p.  24. 
f  Goodman,  Trans.  Fed.  Inst.  M.  E.,  Vol.  VII.,  p.  345. 
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Table  III.* 


Absolute         ' 
Pressure. 
Atmospheres,     i 


I 

2 

3 
4 

5 
6 

7 


Gauge 
Pressure. 
Pounds. 


o 

H7 
29.4 

44.1 
58.8 

73-5 
882 


Foot  Pounds  of  Work  Required  to  Compress 
One  Pound  of  Air. 


Dry  Compression. 


23»5«> 
37.000 
48,500 

58,500 
67,000 
75,000 


With  Sufficient 
Moisture. 


22,^00 
35.000 
45.000 

52.500 
60,000 
66,000 


Theoretically,  a  corresponding  economy  takes  place  also  when 
the  air  is  expanded  again  in  the  machine  using  it. 

Notwithstanding  these  advantages  several  serious  objections  be- 
came apparent  in  the  use  of  the  wet  system  of  compression. 
Other  things  being  equal  the  amount  of  heat  given  up  is 
proportional  to  the  difference  of  temperature  between  the  air 
taken  into  the  cylinder  and  the  injected  water,  and  to  the  time  of 
contact  between  the  air  and  water.  Under  ordinary  circumstances 
this  difference  of  temperature  is  zero  at  the  beginning  of  the  stroke, 
reaching  its  maximum  at  the  end.  It  follows:  (i)  that  to  attain 
a  fair  approach  to  isothermal  compression  the  piston  speed  must 
be  very  slow ;  (2)  that  during  the  first  part  of  the  stroke  but  little 
heat  is  removed,  and  it  is  only  when  compression  is  complete,  and 
the  air  begins  to  pass  through  the  discharge  valves,  that  the  cool- 
ing effect  is  at  its  maximum.  At  ordinary  piston  speeds,  there- 
fore, a  large  proportion  of  the  total  heat  must  be  given  up  after 
the  discharge  valves  have  opened;  in  other  words,  after  compres- 
sion is  completed.f  The  warmth  of  the  air  at  discharge  augments 
its  moisture  carrying  capacity,  and  though  it  is  intended  that  the 
separation  of  the  water  shall  be  as  complete  as  possible  in  the  air 
receiver,  still  it  must  of  necessity  be  imperfect  in  a  receiver  of  any 
reasonable  size.-  Much  moisture  passes  into  the  air  mains  and  de- 
posits as  the  air  cools  down  in  long  lines  of  piping.  In  cold 
weather  it  may  freeze  so  as  to  reduce  the  effective  diameter  of  the 
pipe.    The  moisture  remaining  in  the  air  has  a  further  ill  effect 

*  Abstract  from  a  table  by  Mr.  Norman  Selfe,  Trans.  Eng.  Assn.  of  New  South 
Wales. 

f  A.  C.  Elliott,  Trans.  South  Wales  Inst  M.  E.,  Vol.  17,  p.  170. 
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when  it  is  used.  At  the  instant  of  exhaust  by  the  drill,  or  other  air 
engine,  the  intense  cold  produced  by  expansion  causes  the  forma- 
tion of  troublesome  accumulations  of  ice  in  the  exhaust  passages. 

As  to  the  dry  compressor  it  must  be  admitted  that  as  air  is  a 
poor  conductor  of  heat  it  has  little  opportunity  to  give  up  its  heat 
of  compression  between  the-  strokes  of  the  piston.  Besides  this, 
the  piston,  as  it  advances,  rapidly  covers  the  jacket-cooled  sur- 
face of  the  cylinder.  However,  although  atmospheric  air  as  taken 
into  the  compressor  always  contains  moisture,  which  will  make  its 
appearance  as  frost  at  the  exhaust  of  the  air  machine,  still  there  is 
not  enough  of  it  to  cause  serious  trouble.  The  delivery  of  warm 
air  by  a  dry  compressor  is  far  less  objectionable  than  warm  air 
from  a  wet  compressor.  More  remains  to  be  said  upon  this  sub- 
ject under  "  Compound  Compression  of  Air." 

Second^  as  to  the  effect  of  injected  water  upon  the  working  of 
the  compressor.  Under  the  best  of  circumstances  water  in  the  air 
cylinder  is  objectionable  because  it  makes  lubrication  difficult, 
causes  rust,  and  increases  the  wear  of  piston  and  cylinder.  No 
satisfactory  method  has  ever  been  devised  for  lubricating  the  inner 
surface  of  wet  compressor  cylinders.  This  is  one  of  the  chief  diffi- 
culties with  wet  compressors,  and  becomes  most  serious  when  the 
water  is  impure  or  gritty.  It  must,  of  course,  contain  no  trace  of 
acid,  such  as  is  often  present  in  mine  water.  Water  that  is  com- 
paratively harmless  for  the  use  of  jackets  might  be  decidedly  injuri- 
ous to  the  finished  surfaces  of  working  parts. 

It  is  urged  on  behalf  of  wet  compression  that  the  piston  clear- 
ance space  is  filled  with  water,  and  the  capacity  of  the  compressor 
is  therefore  increased.  While  this  is  true,  yet,  as  water  is 
incompressible,  and  as  a  part  of  it  must  be  forced  out  through 
the  discharge  valves  at  each  stroke,  the  wet  compressor  is 
compelled  to  work  in  a  measure  like  a  water  pump.  Further- 
more, closer  attendance  is  required  in  regulating  the  water  supply 
when  the  compressor  is  standing  still  or  running  very  slowly. 
The  drip  cock  at  the  bottom  of  the  receiver  must  also  be  watched 
more  closely  to  prevent  flooding,  and  there  is  the  .disadvantage  of 
having  an  injection  pump  to  care  for  and  regulate. 

Compound  or  Two-Stage  Air  Compressors. 

The  operation  of  a.  compound  compressor  is  the  reverse  of  that 
of  a  compound  steam  engine*    Air  at  atmospheric  pressure  is 
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taken  into  the  large,  or  low-pressure,  cylinder ;  is  there  compressed 
to  a  certain  point,  and  is  then  forced  into  the  smaller,  or  high-pres- 
sure cylinder,  where  it  is  brought  up  to  the  required  tension.  Mani- 
festly, the  sizeof  the  low-pressure  cylinder  determines  the  capacity 
of  the  compressor. 

Formerly  it  was  customary  to  employ  compound  cylinders- only 
when  high  pressures  were  required,  such  as  for  pneumatic  loco- 
motives, riveting  machines,  presses,  compression  of  gases,  pneu- 
matic guns,  etc.  The  efficiency  of  compound  compression  in- 
creases with  the  air  pressure  produced,  and  the  higher  the  pressure 
the  greater  becomes  the  necessity  for  compounding  the  cylinders. 
For  extremely  high-pressures,  triple  and  even  quadruple  cylinders 
have  been  employed.  It  is  recognized  now  that  compound,  or 
stage,  compression  may  be  advantageously  applied  for  even  the 
ordinary  pressures  of  70  or  80  lbs.,  commonly  used  in  mining  ope- 
rations. By  it  some  of  the  difficulty  due  to  the  development  of 
heat  during  compression  is  overcome.  In  an  ordinary  compressor 
all  the  heat  is  generated  rapidly  in  a  single  cylinder,  and  can  be 
only  partially  abstracted  by  cooling  devices.  Under  the  best  con- 
ditions the  compressed  air  as  discharged  from  the  cylinder  carries 
a  considerable  degree  of  heat,  and  loss  of  pressure  due  to  subse- 
quent cooling  must  always  take  place.  In  a  compound  compressor, 
on  the  other  hand,  the  cooling  is  more  perfect.  The  total  heat 
generated  is  divided  between  the  two  cylinders,  and  when  both  are 
water-jacketed,  ds  they  should  be,  a  much  larger  cooling  surface  is 
presented.  A  further  cooling  is  effected  by  an  **  intercooler,"  which 
forms  an  important  adjunct  of  a  compound  compressor.  Fig.  15 
is  a  diagram  showing  the  position  and  form  of  the  intercooler  as 
used  on  the  Norwalk  compressor,  and  upon  it  is  indicated  the 
course  of  the  air  from  one  cylinder  to  the  other.  Fig.  3  gives  a 
vertical  longitudinal  section  of  the  latest  design  of  the  same  com- 
pressor, with  compound-steam  as  well  as  air  cylinders. 

The  intercooler  is  an  intermediate  chamber  through  which  the 
partially  compressed  air  from  the  intake,  or  low-pressure,  cylinder 
passes  on  its  way  to  the  high-pressure  cylinder.  For  ordinary 
purposes  the  intercooler  is  practically  a  section  of  large  pip- 
ing, containing  a  number  of  parallel  thin  copper  tubes,  through 
which  cold  water  is  circulated.  In  passing  between  the  tubes, 
which  have  a  large  total  area,  the  air  may  be  cooled  nearly  to  normal 
atmospheric  temperature  before  it  enters  the  high-pressure  cylin- 
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der.  The  intercooler  of  the  Schram  (English)  compound  com- 
pressor is  a  vertical  chamber,  filled  with  small  tubing.  The  water 
enters  at  the  bottom,  passes  up  through  one-half  of  the  tubes  and 
down  through  the  other  half,  the  lower  water-head  being  divided 
accordingly.  The  air  from  the  low-pressure  cylinder  enters  at  the 
top  of  the  intercooler. 

Both  cylinders  should  be  water-jacketed  as  in  ordinary  single- 
stage  compressors.  The  additional  heat  developed  by  the  fina 
compression  in  the  high-pressure  cylinder  is  partially  abstracted 
by  its  water-jacket.  It  is  clear  that  the  temperature  of  the  com- 
pressed air  delivered  by  a  compound  compressor  must  be  some- 
what  lower  than  that  from  the  simple  compressor,  because,  aside 
from  the  efiTect  of  the  intercooler,  the  smaller  amount  of  heat  de- 
veloped in  each  cylinder  is  more  effectually  dealt  with  by  their  re- 
spective water-jackets.     This  is  indicated  by  the  diagram,  Fig.  i6. 


Fig.  1 6. 

That  compound  compression  under  favorable  conditions  gives  a 
high  degree  of  efficiency  is  shown  by  the  results  obtained  from  the 
large  compressors  of  the  Paris  Pneumatic  Supply  Co.  Spray  in- 
jection is  applied  to  both  cylinders,  and  also  to  a  plain  intermedi- 
ate receiver  of  large  capacity.  The  air  is  compressed  to  88  fcs., 
and  the  indicator  diagrams  of  the  air  cylinders  exceed  in  area  the 
true  isothermal  diagram  by  only  I2%.* 

The  useful  effect  o/  the  intercooler  should  not  be  exaggerated. 
It  must  be  remembered  that  real  economy  in  air  compression 
is  obtained  only  by  cooling  during  compression  in  the  cylinders 

•  Proceedings  Inst  C.  £.  London,  Vol.  CV.,  p.  i8a 
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themselves.  The  value  of  the  intercooler  lies  in  the  fact  that 
cooler  air  is  delivered  to  the  high  pressure  cylinder,  thus  making 
possible  a  somewhat  lower  final  temperature.*  The  higher  the 
pressure  the  more  useful  does  the  intercooler  become.  It  is  im- 
portant that  the  copper  tubes  in  the  intercooler  be  kept  clean.  As 
the  oil  carried  over  by  the  air  tends  to  deposit  on  the  tubes  they 
should  be  so  arranged  as  to  be  easily  removed  for  cleaning.  For 
large  plants  intermediate  cooling  receivers  are  sometimes  made  of 
much  greater  volume  than  that  shown  on  the  cuts. 

Two  other  advantages  of  the  compound  compressor  are  to  be 
noted : 

1 .  It  has  practically  but  one  clearance  space — that  in  the  low- 
pressure  cylinder — and  as  the  air  here  is  at  a  comparatively  low 
tension — the  resulting  reduction  in  net  cylinder  capacity  is  not 
large. 

2.  The  total  variation  in  resistance  throughout  the  stroke,  and 
the  maximum  resistance  at  the  end  of  the  stroke,  are  much  less 
than  in  single-stage  compression.  Take,  for  example,  two  com- 
pressors, one  having  a  single  air  cylinder  20  inches  diameter,  the 
other  having  compound  cylinders,  of  which  the  low-pressure 
cylinder  is  also  20  inches  diameter,  and  both  compressing  air  to 
80  lbs.  per  square  inch.  In  the  low-pressure  cylinder  of  the  com- 
pound compressor  the  air  is  compressed  to  say  25  lbs.,  producing 
a  total  pressure  on  the  piston  at  the  end  of  the  stroke  of  7,854  lbs. 
The  high-pressure  cylinder,  completing  the  pressure  to  80  lbs.,  has 
a  diameter  of  1354  inches,  and  the  corresponding  resistance  at  the 
end  of  stroke  is  11,451  lbs.  But  the  25-lb.  pressure  of  the  low- 
pressure  cylinder  acts  upon  the  dock  of  the  high-pressure  piston. 
It  amounts  to  3,578  lbs.,  which,  being  subtracted  from  11,451  lbs., 
leaves  7,873  lbs.,  as  the  net  maximum  resistance  in  the  high-pres- 
sure cylinder.  The  total  resistance  in  both  cylinders  varies,  there- 
fore, between  3,578  lbs.,  at  the  beginning  of  the  stroke,  td  15,727 
lbs.,  at  the  end.  In  the  single  20-inch  cylinder,  on  the  other  hand, 
the  variation  is  from  zero  to  25,133  lbs.  It  follows  that,  as  the 
strains  in  all  the  parts  are  diminished  and  there  is  less  irregularity 

If         in  working  in  the  compound  compressor,  the  engine  ffame,  etc., 
need  not  be  so  heavy  as  for  the  single-cylinder  compressor. 

Compound  compressors  are  made  both  single-and  double-act- 
ing.    For  high  pressures  there  is  some  advantage  in  single-acting 

*  In  this  connection  see  "  Compressed  Air,"  by  Frank  Richards,  chaps.  8  and  9. 
VOL.  xvm.— 16. 
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two-stage  compressors,  as  more  time  is  given  for  cooling  the  air ; 
but  the  frictional  loss  is  increased,  and  it  is  evident  also  that 
throughout  an  entire  revolution  there  is  much  greater  variation  in 
resistance  and  a  consequent  lack  of  smoothness  in  running.  For 
the  ordinary  pressures  used  in  mining  double-acting  compressors 
are  preferable. 

The  IngersoU-Sergeant  Drill  Co.  have  recently  introduced  a 
very  compact  form  of  compound  compressor.  It  is  of  small  size 
(about  25  H,  P.),  self-contained,  and  requires  very  little  in  the  way 
of  foundation.  The  peculiarity  of  its  construction  consists  mainly 
in  the  arrangement  of  the  cylinders.  In  the  middle  are  the  tandem 
air  cylinders,  whose  crank  is  placed  between  a  pair  of  fly  wheels. 
On  each  side  of  the  high-pressure  air  cylinder,  and  rigidly  bolted 
to  the  same  engine  frame,  are  the  steam  cylinders,  which  may  be 
either  simple  or  compound  duplex.  The  cranks  of  the  steam  cy- 
linders are,  therefore,  outside  of  the  fly  wheels.* 

[To  be  continued^ 
PUZZOLANA  AND  ITS  PRACTICAL  USE. 

BY  JOSEF  ZERVAS. 

Puzzolana  is  one  of  the  oldest  materials  used  for  making  mortar, 
especially  hydraulic  mortars.  It  entered  largely  into  the  construc- 
tion of  all  the  important  works  built  by  the  Romans  from  the  earli- 
est period  of  their  existence  as  a  nation,  and  is  fully  and  quaintly 
described  by  Vitruvius  in  the  fourth  chapter  of  the  second  book 
of  his  work.  The  remarkable  hardness  which  the  Roman  mortars 
attained  with  age  was  largely  due  to  the  employment  of  Puzzolana 
mixed  with  fat  lime  and  sand.  Formerly  Puzzolana  was  found 
principally  in  the  neighborhood  of  Naples,  and  especially  at  Puzzu- 
oli,  hence  the  name.  At  the  present  time  similar  material  is 
known  sometimes  under  diflerent  local  nomenclature  like  that 
from  the  river  Rhine  (Germany),  where  the  hard,  stone-like  variety 
is  called  "  tuflfstone,"  the  powdered  "  Trass ; "  from  tiie  Azores 
islands,  where  the  name  of  Puzzolana  has  been  adopted,  but  a  red 
varied  is  called  ''  Tetin ; "  from  Schemnitz  (Hungary) ;  from  An- 

*  Engineering  and  Mining  Jour,^  Dec  la,  i896»  p.  561. 
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vergne  (France);  from  Tcneriflfa,  where  it  is  called  "Tosca;"  etc. 
The  "  Santorin-earth  "  from  the  Greek  island  "  Santorin  "  is  also 
to  be  ranged  with  the  Puzzolanas. 

Puzzolana  is  of  volcanic  origin,  and  in  its  natural  state  ap- 
pears as  a  deposit  of  powdered  and  coarse  ashes,  and  often  con- 
tains pieces  of  pumice  stone. 

Where  such  ashes  were  mixed  with  or  deposited  in  water,  the 
mud  thus  produced  hardened  to  a  certain  degree  while  drying. 
The  tuflfstone  of  the  river  Rhine  is  a  good  example  of  this.  In 
case  the  yet  moist  Puzzolana  were  covered  by  a  hot  lava  stream 
which  allowed  evaporation  of  the  water  after  an  energetic  action 
of  oxidation  on  the  hydrous  oxide  of  iron,  which,  at  the  same  time, 
lost  part  of  its  water,  the  color  of  the  Puzzolana  changed  to  red, 
and  often  the  part  in  contact  with  the  hot  lava  became  as  hard  as 
a  brick.    An  example  of  this  is  the  "  Tetin  "  of  the  Arores. 

The  latest  Tertiary  period  produced  the  best  Puzzolana  now 
used  in  mortar.  H.  von  Dechen  '*  and  L.  Dressel  f  accord  that 
the  trachytic-leucitic  and  pumice  stone  tufts  of  the  Laacher  See 
(river  Rhine)  originated  at  the  end  of  the  Tertiary  period  and  the 
beginning  of  the  Loess  deposits. 

It  may  be  observed  that  but  trachytic  and  pumice  stone  tuft*  is 
fit  for  mortar  purposes,  while  the  leucitic  tuft  yielded  almost  no 
useful  result.  However,  leucittuft  yields  an  excellent  building 
stone,  especially  for  ornamental  work,  and  has  been  used  exten- 
sively in  churches  and  other  monumental  buildings  in  Germany. 

The  origin  of  the  leucittuft  is  somewhat  different  from  that  of 
the  trach3rtic  and  pumice  stone  tuft,  as  it  is  considered  not  to  be 
ejected,  but  to  flow  out  from  the  volcano  in  a  mud  stream — Moja. 

The  Italian  Puzzolana  is  mostly  obtained  by  digging  it  from 
open  pits  of  slight  depth ;  however,  very  large  deposits  are  also 
found.  That  of  Trentaremi  furnishing  a  light  brown  yellowish 
Puzzolana,  is  more  than  600  feet  deep,  of  great  extent  and  situated 
immediately  on  the  sea.  The  average  production  in  1885 
amounted  to  100  tons  per  day.  The  deposits  of  the  dark  gray 
Puzzolana  of  Santa  Maria  della  Bruna  near  Torre  Anunciata,  on 
the  slope  of  Mount  Vesuvius,  is  estimated  at  2,000,000  tons,  and 
<an  furnish  1 50  to  300  tons  per  day.    Comparatively  little  care  is 

*  Geocnostischer  Fllhrer  sum  Laacher  See  and  seinen  vulkanifchen  Umgebungea. 
Bonn,  1864. 

t  Geognostisch-geologische  Skizze  der  Laacher  Vulkangegend.    MQnster,  1871. 
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exercised  in  the  selection  of  the  localities  from  which  Puzzolana  is 
taken,  a  matter  of  great  importance,  although  it  is  evident  that  a 
natural  material  of  this  character,  the  product  of  successive  volca- 
nic eruptions,  must  vary  greatly  in  its  chemical  and  physical  con- 
stituents. Besides  neglecting  the  necessary  preliminary  tests  and 
explorations,  the  Italian  manufacturers  have  been  very  careless  in 
the  grinding  and  screening  of  the  Puzzolana  after  it  has  been  ex- 
cavated, and,  as  a  necessary  consequence,  the  manufactured  article 
varies  greatly  in  quality.  The  Italian  Puzzolana,  beside  being 
poorly  manufactured,  is  inferior  to  other  Puzzolanas,  such  as  are 
found  on  the  Rhine  (Germany)  and  in  the  Azores,  in  the  character 
of  the  material  itself.  This  want  of  uniformity  in  the  Italian  Puz- 
zolana has  made  the  French  engineers  employ  less  of  it  in  their 
marine  constructions  than  they  did  formerly.  Therefore,  it  is  not 
surprising  that  Italian  Puzzolana  from  Castelamare,  imported  into 
the  United  States  by  a  firm  from  Boston,  Mass.,  in  1886,  proved 
an  entire  failure. 

The  Dutch  engineers,  on  the  contrary,  whose  very  existence  de- 
pend on  the  stability  of  their  hydraulic  works,  employ  "Trass**^ 
(which  is  closely  allied  to  the  Italian  Puzzolana,  but  is  selected  and 
manufactured  with  much  greater  care)  in  all  their  important  places, 
on  account  of  its  cheapness  and  strength. 

Puzzolana  of  the  Azores  is  a  yellowish  to  brownish,  sometimes 
grayish,  earth-like  powder,  which  is  often  fiAe  enough  to  use  as  a 
mortar  without  grinding  or  screening.  **  Trass,"  on  the  contrary,, 
is  a  pulverized  stone  called  tufTstone,  which  is  about  as  hard  as 
brick,  varies  in  color  from  bluish-gray  to  yellow,  and  is  found  as 
a  porous  mass,  interspersed  with  pumice  stone.  The  harder  the 
tuffstone  the  better  its  quality.  The  tuffstone,  especially  in  the 
valley  of  Brohl  on  the  river  Rhine,  is  generally,  sometimes  up  Xx> 
100  feet,  covered  by  powdered  Puzzolana  containing  much  pumice 
stone,  which  is  called  ''  mountain  Trass,"  and  is  by  far  inferior  to- 
tufifstone  for  mortar  purposes. 

Both  Puzzolana  and  Trass  are  the  products  of  the  eruptions  of 
former  volcanoes  and,  although  quite  different  in  their  physical 
appearance,  they  give  nearly  the  same  chemical  analysis.  They 
iJso  give  the  best  results  for  hydraulic  mortars  when  the  materials 
have  been  found  at  the  original  place  of  deposit,  near  the  volcano 
from  which  they  were  first  ejected. 

General  Q.  A.  GiUmore,  in  his  standard  treatise  on  limes,  hy- 
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dratilic  cements  and  mortars,  makes  the  following  reference  to  Trass 
and  Puzzolana :  "  Trass  or  Teras. — In  the  valley  of  the  Rhine, 
between  Mayence  and  Cologne  and  in  various  localities  in  Holland, 
a  substance  of  volcanic  origin  is  found  called  Trass  or  Teras,  which 
has  been  extensively  employed  throughout  that  region,  particu- 
larly by  the  Dutch  engineers,  for  the  production  of  hydraulic  mortar. 
It  is  derived  from  immense  pits  or  quarries  occupying  the  sites  of 
extinct  volcanoes,  and  enjoys  in  every  particular  the  distinguish- 
ing properties  of  Italian  Puzzolana,  closely  resembling  it  in  its  com- 
position and  in  the  details  of  its  manipulation,  requiring  to  be  pul- 
verized and  combined  with  rich  lime  in  order  to  render  it  fit  for 
use,  and  to  develop  any  of  its  hydraulic  properties."  The  above 
description  of  the  Trass  and  Puzzolana  is  substantially  correct,  ex- 
cept that  General  Gillmore  should  have  said  "  between  Coblentz 
and  Cologne,"  instead  of  Mayence  and  Cologne,  and  should  have 
omitted  the  words  '•  in  various  localities  in  Holland,"  as  no  Trass 
is  found  in  Holland  unless  it  is  imported  from  the  above-named 
locality  in  Germany. 

The  analysis  on  next  page  shows  how  much  Trass  and  Puzzolana 
resemble  each  other,  and  also  that  the  chief  ingredients  are  silica, 
alumina  and  iron  oxide. 

The  proper  amount  of  lime  that  is  necessary  to  use  with  Puzzo- 
lana and  Trass  mortars  varies  with  the  character  of  the  work  and 
the  quality  of  the  Puzzolana  and  lime.  Mortar  composed  by 
volume  of  one  part  each  of  Puzzolana,  powdered  lime,  and  sand, 
probably  gives  better  results  than  any  other  combination  of  these 
materials,  although  larger  proportions  of  Hme  and  sand  may  be 
used  where  great  strength  is  not  required. 

At  the  great  harbor  improvements  at  Kiel  (Holstein)  the  follow- 
ing mixture  was  adopted : 

3  volumes  of  Trass. 

2  volumes  of  fat  lime  paste. 

7  volumes  of  sand. 

In  Holland  the  following  composition  is  the  standard  for  the 
hydraulic  works : 

Trass.  Shell  Lime  Paste.  Sand.      Stones. 

Strong  Trass  mortar i  vol.  i  vol. 

Second  quality 2  vols.  4  vols.  i  vol.         .   . 

Third  quality 2  vols.  6  vols.  3^  vols.       .    . 

Concrete i  vol.  i  voL  .    .     if  to  ij  vols. 
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In  the  United  States  the  ordinary  market  limes  make,  when 
mixed  with  Fuzzolana,  very  strong  mortars ;  some  of  the  best  re- 
sults having  been  obtained  with  common  Rockland  lime. 

The  lime  should  be  slacked  with  about  40  per  cent,  by  weight 
of  water,  two  or  three  days  before  mixing  with  the  Puzzolana,  to 
give  the  uQslacked  particles  a  chance  to  be  air-slacked.  General 
Gillmore,  in  his  work  on  limes  above  referred  to,  says :  <<  Experi- 
ments seem  to  prove  that  fat  lime  slacked  to  powder  will  give 
better  mortars  with  Trass  and  sand,  or  with  Trass  alone,  if  left 
exposed  to  the  air  for  a  month  or  more  after  slacking,  than  if  nciade 
into  'mortar  when  perfectly  fresh."  After  the  lime  has  been 
slacked  it  should  be  screened  through  a  sieve  of  400  meshes  per 
square  inch.  Of  course,  other  kinds  of  lime  may  be  used  just  as 
well  in  Puzzolana  mortar.  The  right  proportions  of  the  mixture 
should  be  ascertained  by  previous  experiments. 

Unlike  cement  mortars,  which  have  to  be  used  soon  after  mixing, 
the  Puzzolana  and  Trass,  after  the  lime,  sand  and  water  are  added 
to  them  in  the  proper  proportions,  can  be  left  at  least  twenty-four 
hours  undisturbed,  and  be  worked  over  just  before  using,  without 
\  injuring  the  quality  of  the  resulting  mortars.    This  is  of  great  ad* 

vantage  in  building  operations,  inasmuch  as  the  quantity  of  the 
mortar  for  each  day's  work  does  not  have  to  be  so  accurately  de- 
termined. 

As  Trass  and  Puzzolana  commence  to  harden  only  after  the 
addition  of  the  lime,  they  can  be  stored  even  in  damp  places  for 
any  length  of  time  without  deteriorating  in  the  slightest  degree. 
Trass  that  had  been  kept  exposed  to  the  atmosphere  for  three 
years  and  which  was  then  mixed  with  one  volume  each  of 
powdered  lime  and  sand,  gave  a  tensile  strength  at  the  end  of  five 
months  of  204  lbs  per  square  inch.  This  quality  makes  it  possible 
to  export  Trass  and  Puzzolana  without  risk,  whereas  with  Port- 
land cement  great  trouble  is  experienced  in  the  ocean  voyage, 
either  from  dampness  or  overheating,  and  the  cargo  rarely  arrives 
in  as  good  condition  as  it  was  when  shipped.  The  ability  to  keep 
Puzzolana  and  Trass  also  enable  the  engineer  to  cany  on  large 
works  more  advantageously,  as  he  is  not  obliged  to  estimate  so 
closely  the  quantity  of  cement  required  for  each  piece,  and  he  can 
make  better  arrangements  in  regard  to  its  purchase  and  storage. 

To  get  a  Portland  cement  mortar  of  equivalent  strength  to  the 
Puzzolana,  and  near  the  price  of  it,  large  quantities  of  sand  must 
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be  added.  This  brings  up  the  question  of  the  weakening  effect  of 
certain  sands  upon  cement  mortar  and,  from  some  very  carefully 
made  German  experiments,  we  find  that  the  same  cement  mixed- 
with  fine  and  impure  sands  can  lose  two-thirds  of  its  strength. 
The  bad  effect  of  the  inferior  sand  upon  a  Puzzolana  mortar  would' 
bejless  in  proportion  to  the  smaller  amount  of  sand  used. 

Puzzolana  and  Trass  mortars  form  very  little  "laitance"  as 
compared  with  cement  mortars ;  a  very  desirable  quality  when  ky-' 
ing  concrete  in  mass,  under  water,  where  cement  mortars  tend  to* 
separate  in  layers,  according  to  the  specific  gravites  of  the  compo- 
nent parts,,  which  is  not  the  case  when  Puzzolana  or  Trass  is  used. 

The  change  of  volume,  either  contraction  or  expansion,  so  com- 
mon with  cement  mortars,  is  not  observable  with  Puzzolana  or 
Trass  when  the  lime  is  perfectly  slacked. 

The  following  table,  in  which  the  quantities  have  been  deter- 
mined by  very  careful  measurements,  will  enable  any  one  to  calcu- 
late for  himself  the  relative  economy  of  using  Puzzolana  and  Trass" 
mortars  in  preference  to  either  Portland  or  Rosendale  cement. 

The  weights  of  the  three  cements  and  of  the  lime  and  sand 
were  obtained  by  filling  a  litre  with  each  material  and  shaking  the 
measure  as  they  were  poured  in,  until  the  litre  would  hold  no  more, 
thus  insuring  absolute  compactness. 


Weight : 
Kilograms. 

Portland  cement .  .  .  .  .1.63 
Rosendale  cement  .  i  .  .1.40 
Puzzolana  or  Trass  .    .    .    .1.25 

Sand 1.70 

Powdered  or  slacked  fal  lime.0.72 


Tabt.f.  a. 

Amount  of 

water  absorbed. 

Litres. 

Amount  of  space 

occupied   by  solid 

material  in  one 

litre. 

Space  occupied  by 

each  material 
in  a  cubic  metre 
of  mortar. 

0.480 

0.520 

520  litres. 

0.500 

0.500 

500      " 

0.370 

0.630 

630      «• 

0.350 

0.650 

650      " 

0.600 

0.400 

400      « 

Table  B. 
Average  prices  of  mortar  materials  in  New  York. 


Portland  Cement  i  bbl.  net,  weighs  170  kilo.  ^^2.15 
Rosendale    •*       i    ««      «         "      136.2 
Pnzzolana  or  Trass. 
Fat  lime  i     "      "         "       136.2 

Slacked  to  powdered  gives  2. 25  vols. 
Sand  I  cubic  yard  weighs  1315.0 


II 


If 


One  cubic  metre. 

Costs. 

Contains  Kilo. 

Costs. 

i^2.I5 

1630 

I20.61. 

1.00 

1400 

10.27. 

125a 

10.00. 

0.70 

•        • 

•      « 

720 

1.65. 

0.65 

1700 

—  .87. 

PUZZOLANA  AND  ITS  PRACTICAL    USE.        233 


Table  C. 


One  cubic  meter 
of 


Portland  Cement 

<«  CI 

«  f< 

Rosendale    ** 
«  « 

Pazzolana  or  Trass. 


41 
«l 


I 


Tables  A  and  B  may  be  changed  by  substituting  for  the  weights 
of  the  materials  when  compacted,  the  weights  of  the  same  when 
poured  loosely  into  the  measuring  vessel,  as,  for  example,  the 
standard  weights  per  struck  bushel  when  measured  by  falling  from 
a  hopper  placed  at  a  uniform  height.  But  this  change  will  not 
affect  the  results  shown  in  Table  C  relatively  for  the  three  cements. 

The  tensile  strength  for  Portland  and  Rosendale  mortars,  given 
an  the  last  column  of  Table  C,  is  taken  from  Mr.  Eliot  C.  Clarke's 
paper  printed  in  the  Transactions  of  the  American  Society  of  Civil 
Engineers,  published  in  April,  1885.  It  was  compiled  from  about 
25,000  breakings  of  twenty  different  brands,  and  fairly  represents 
the  average  strength  of  ordinary  good  cements  of  the  two  kinds. 
The  amount  of  water  used  was  just  sufficient  to  make  a  plastic 
mortar,  somewhat  stiffer  than  is  commonly  used  by  masons,  about 
25  per  cent,  for  neat  Portland  and  33  per  cent,  for  neat  Rosendale. 
The  amount  of  water  used  by  Mr.  Clarke  in  his  experiments  being 
about  the  same  as  was  used  with  the  Puzzolana  mortars,  enables 
us  to  make  a  fair  coniparison.  If  less  water  had  been  used  all  the^ 
above  figures  would  be  more.  Mixed  with  20  per  cent,  water 
Puzzolana  mortars  composed  of  one  volume  each  of  Puzzolana,  lime 
and  sand,  28  days  old;  break  at  more  than  200  lbs.  per  square  inch. 

The  following  tables  give  a  summary  of  results  in  regard  to  the 
proportion  of  the  compressive  strength  compared  with  the  tensile 
strength,  the  latter  being  admitted  at  100.  The  mixtures  are  made 
by  volume. 
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Puzzolanaor 

Trass. 

Fat  Lime 

Sand. 

Compressiye  strength 

z 

* 

z 

683 

1 

f 

a 

73a 

I 

I 

3 

8a6 

I 

H 

4 

810 

With  slow  setting  cement  treated  in  the  same  standard  manner^ 
the  results  were : 


MRt               Lime. 

Sand. 

Compressive  strength. 

*                     •  • 

I 

8a5 

•                      •  • 

a 

8aa 

A                     •  • 

3 

789 

»                      \ 

4 

808 

I                      I 

6 

770 

The'above  figures  "prove  clearly  that  Puzzolana  or  Trass  mortar 
shows  better  proportions  of  compressive  strength  to  tensile 
strength  when  a  larger  amount  of  sand  is  added,  so  as,  by  di- 
minishing its  plasticity,  to  render  it  more  similar  to  cement  mortar,, 
and  consequently  be  struck  into  the  testing  moulds  like  cement 
mortar.  While  the  air  can  not  escape  as  easily  from  the  fat  Puz- 
zolana or  Trass  mortar  as  from  the  cement  mortar,  the  density  of 
the  test  cube,  and  consequently  the  strength,  is  diminished  in  a 
proportion  which  averages  98  :  100.  Therefore,  in  practical  work,, 
where  no  ramming  of  the  mortar  takes  place,  the  results  will,  in 
proportion, be  more  advantageous  with  Puzzolana  or  Trass  mortar 
than  with  cement  mortar.  To  test  the  density  or  impermeability 
to  water,  circular  conical  disks  of  20  square  centimetres  surface  at 
the  smallest  face,  and  15  millimetres  thick  are  made  of  standard 
mortar,  and  immersed  into  water  to  harden  the  same  as  for  tensile 
strength  test.  By  means  of  a  rubber  ring  the  hardened  disk  is 
tightly  fitted  into  a  cylinder  in  such  a  manner  as  to  produce  by  an 
air  pump  a  vacuum  in  the  lower  part  of  the  cylinder  underneath 
the  mortar  disk,  while  water  is  filled  in  the  upper  part  of  the  cyl- 
inder, on  top  of. the  mortar  disk.  The  water  thus  effects  a  pres- 
sure of  one  atmosphere  upon  the  mortar  disk.  After  24  hours  the 
percolated  water  is  carefully  collected  and  weighed. 

Results  I.  The  mixtures  being  made  by  volume;  the  fat  lime 
slacked  to  paste,  and  the  mortar  disks  hardened  for  6  weeks  under 
water : 
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Tzanor 
Puzzolana. 


Fat  lime.        Sand. 


1 


I 

H 

I 

I 
I 

I 
I 


O 
I 
I 

J 

a 
2 
2 

3 
3 

3 

4 


Water. 

aifo 
0.150 
0.075 


0.150 
0.050 

0.900 

0.075 
0.300 

a30o 
0.050 


Water-piested 
trough. 

aoo  J 
0.03 

O.IO- 

M 
M 

OJ4 

tt 

0.14 
0.06 

M 
« 

0.01 

M 

0.59 
0.29 
aio 

0.66 

M 

2.  The  fat  lime  being  slacked  to  powder  and  the  mortar  disk 
hardened  for  four  weeks  under  water. 


Trass  or 
Puzzolana. 
2 
I 
I 
I 
I 


Fat  lime. 


Sand. 
o 
I 
I 
I 
I 


Water. 
aSoo 
0.450 
0.500 

0-550 
a6oo 


Water-pressed 
tr0a£h. 
0.10 
1.15 
a25 
ai5 
0.07 


M 
l< 
«( 
l< 


To  surpass  the  quantity  of  water  of  the  last  mixture  would  be 
injurious,  as  the  quantity  of  water  and  lime  is  of  essential  influ- 
ence to  the  density  of  the  mortar. 

Cement-sand  mortars  thinned  as  in  practical  use  are  less  dense, 
because  the  cement  does  not  fill  up  as  perfectly  the  spaces  between 
tiie  particles  of  the  sand  as  is  the  case  with  Puzzolana  or  Trass 
and  lime  in  Puzzolana  or  Trass  mortars. 

Slow  setting  cement  of  standard  tensile  strength  and  standard 
mixture,  after  four  weeks'  hardening  under  water,  transmitted  1.25 
grammes  of  water,  and  mixtures  of 


Cement 
I 
I 
I   . 


Lime. 

I 


Sands. 

4 

4 
6 


treated  in  the  same  manner  transmitted  all  of  the  water.    To  Dutch 
and  German  engineers  these  well  known  facts  have  been  of  de- 
cisive importance  in  many  of  their  large  works,  especially  in  the 
construction  of  sluices  and  basins. 
The  adhesive  strength  of  mortar  to  stone  is  of  great  importance. 
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especially  in  concrete.  In  the  following  table  the  figures  of  adhe- 
sion have  been  established  in  connection  with  the  compressive 
strength  which  is  taken  at  100. 

The  test  specimens  are  prepared  in  the  same  manner  as  for  com- 
pression tests.  As  bricks  show  too  great  a  difference  between 
each  other,  congenerous  basalt  pieces  have  been  used  for  the  con- 
crete. To  one  volume  of  ready  mortar,  two  volumes  of  basalt  pieces 
have  been  added,  after  they  had  been  immersed  in  water  for  some- 
time.    The  specimens  were  left  to  harden  underwater  for  6  weeks. 

Mortar  mixture  by  volume. 


Puzzolana 

Fat 

Proportion  of  the 

or 

lime 

Sand. 

Water. 

adhesive  strength  of 

Trass. 

paste. 

the  concrete. 

2 

I 

0 

0.180 

108 

yi 

I 

0.150 

lOI 

% 

I 

0.07s 

121 

I 

I 

0.000 

115 

% 

2 

0.150 

109 

I 

2 

0.050 

126 

I 

3 

O.IOO 

90 

'X 

3 

0.075 

109 

IX 

I 

3 

0.050 

95 

^M 

4 

0.100 

73 

IX 

4 

0.050 

78 

The  mortars  with  more  lime  show  mostly  higher  proportional 
figures  in  concrete  than  those  with  less  lime.  Therefore,  a  larger 
addition  of  lime  should  be  made  to  mortar  used  in  concrete  than 
to  that  used  without  stones.  While  up  to  the  admixture  of  two: 
volumes  of  sand  the  concretes  show  higher  strength  than  the  mortars 
without  stones,  the  adhesive  strength  decreases  with  larger  addi-' 
tion  of  sand  in  such  a  manner  that  it  does  not  even  reach  the 
strength  of  the  mortar  without  stones. 

By  this  it  is  easily  understood  that  cement  mortars,  with  much 
sand  (as  generally  used,  i  volume  of  cement  and  at  least  3  volumes 
of  sand)  attain  by  far  inferior  strength  in  concrete  than  the  same 
cement  mortars  would  show  without  stones.  These  differences  in 
strength  ought  to  be  greater  with  cement  mortars  than  with  Puz- 
zolana or  Trass  mortars,  because,  in  consequence  of  their  greater 
density,  the  Puzzolana  and  Trass  mortars  have  more  points  of  con- 
tact with  the  admixed  stones  than  the  more  porous  cement  mortars. 

Adhesion  tests   with   cement  mortar  made  into  contrete  and 
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treated  in  the  same  manner  as  with  Puzzolana  and  Trass  mortar 
gave  the  following  results  : 

Proportion  of  the 
Cement.  Lime.  Sand.  adhesive  strength  of 

the  concrete. 
I  .    .  3  76        :         700 

1  4  62        :         100 

I  14  4  72         :         100 

I  I  6  ^5        •        ^^^ 

For  the  valuation  of  the  mortar  materials  it  surely  merits  con- 
sideration, that  in  most  of  the  mortar  mixtures  used  in  concrete 
works,  Puzzolana  and  Trass  mortars  yield  a  higher  strength  by  the 
addition  of  the  stones,  while  the  more  porous  cement  mortars  show 
a  much  inferior  strength,  as  it  is  found  by  the  usual  test  of  the 
strength  of  the  mortar  without  stones. 

As  no  large  structure  can  be  executed  without  interruption,  the 
joining  of  the  separate  layers  of  mortar  is  of  special  importance. 
The  more  or  less  perfect  junction  of  already  hardened  to  fresh 
applied  mortar  is  not  dependent  upon  the  final  hardening  of  the 

I  mortar,  but  rather  upon  its  adhesive  capacity. 

')  Experiments  in  that  line  have  been  made  as  follows :  Specimens 

made  as  for  tensile  strength  tests  were  at  once  immersed  into  water. 
After  24,36  etc.,  hours  some  of  them  were  taken  out  of  the  water 
and  divided  into  halves,  while  the  other  specimens  remained  under 
water  to  ascertain  later  their  tensile  strength.  Each  of  the  halves 
were  put  again  into  a  mould,  and  the  remaining  empty  half  of  the 
mould  filled  up  again  with  fresh  mortar,  carefully  pressed  to  the 
old  half  specimen  and  reimmersed  at  once. 

The  cement  used  for  this  test,  according  to  standard  test,  left 
one  day  in  the  air,  showed  16.85  kilos  tensile  strength.  The  less 
strength  stated  in  the  following  table  is  caused  by  the  necessary 
immediate  immersion  of  the  specimens. 

Table  I. 

Tensile  strength  after  a8  days. 

Kilos  per  square  ceotimeter. 
^ , » 

Mixture.  Medium  temp,  of  water.    R^ular  specimens.  Specimens  joined 

after  94  h^rs. 

I  Trass,  \%  hX  lime  paste.  1  .^^ 

3  Sand,  without  water.         i   -   •   -    "^^^  ^ 

Cement,  standard  mixture I9>^^C  11.25                       6.25 

This  answers  the  proportion  of: 

Trass-Pu2zolana  mortar 100                           80 

Cement  mortar 100                          55 
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Table  II. 

Regular         Joined  after 
Mixture.  Temperature.  specimens.  36  hours. 

Trus,  the  same  as  in  Table  I.  .......   .  I5X%  13.25  9.25 

I  Trass,  i  fat  lime  paste,  i  sand,  and  5^  water.  15    oc  14.50  11.00 

Cement  standard  mixture 15    oc  9.50  4.00 

This  answers  the  proportion  of: 

Trass  mortar  , i .  i^  •  3  100  70 

Trass  mortar i.l.i  100  77 

Cement  mortar zoo        :        42 

That  Trass  or  Puzzolana  mortar,  even  after  so  long  an  interrup- 
tion of  the  work,  makes  as  perfect  a  junction,  as  shown  by  the 
table,  is  certainly  very  important,  and  the  only  guarantee  for  im- 
permeable masonry.  It  is  more  important  yet  with  concrete  work 
under  water.  Usual  cement  mortars  often  form  very  much  <'  lai- 
tance,"  which  has  to  be  removed  before  new  concrete  may  be  put 
on.  As  the  formation  of  "  laitance  "  is  but  a  consequence  of  de- 
composition of  the  mortar,  it  ought  to  diminish  the  hydraulic 
properties  of  the  mortar.  With  the  plastic  Trass  or  Puzzolana  * 
mortars  such  decomposition  and  formation  of  <'  laitance  "  is  almost 
unknown. 

Hardening  under  seawater  is  by  no  means  injurious  to  Puzzo- 
lana or  Trass  mortar.  Even  much  higher  strength  is  obtained 
than  when  hardening  in  soft  water.  This  has  been  stated  in  many 
maritime  works  by  the  Governments  of  Germany,  Holland,  Portu- 
gal, etc.  Taking  the  tensile  strength,  of  the  mortar  hardened  in 
soft  water  at  lOO,  the  same  mortar  hardened  in  seawater  showed 
the  following  results : 

Trass.  Fat  lime  paste.  Sand               after  28  days  hardening. 

2  parts                   I  part  .   .  by  weight          ill 

z  part                      I    «  I  part  «                 168 

I    «                      I    •<  2  parts  volume  132 

At  the  Polytechnicum  in  Delft,  Holland,  tests  were  made  by 
Professor  van  der  Kloes,  at  the  pretty  low  temperature  of  7.9*^  C. 
yielding  an  average  tensile  strength  after  one  month's  hardening, 
with  2  parts  Trass  and  i  part  of  fat  lime, 

in  soft  water  in  seawater 

7.84  kilos  10.56  kilos  per  sq.  centimetre 

that  means  a  proportion  of :  100  135 
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Trass  has  been  used  in  the  construction  of  most  bridges  over  the 
Rhine,  Weser  and  Elbe,  at  the  maritime  works  of  the  German 
Government,  and  especially  in  Holland  and  Belgium,  the  docks  at 
Antwerp  having  required  60,000  tons.  Trass  was  also  used  in 
building  the  large  aqueduct  that  supplies  the  ci  ty  of  Verviers,  in- 
cluding the  enormous  masonry  dam,  "  le  barrage  de  la  Gileppe,"  in 
Belgium,  about  25  years  ago.  To  show  how  Trass  and  Puzzolana 
can  hold  their  own  as  competitors  with  Portland  cements,  may  be 
mentioned  the  fact  that  when,  about  1 5  years  ago,  it  was  found 
necessary  to  build  some  hydraulic  works,  sluices,  etc.,  for  the  im- 
provement of  the  River  Main,  in  close  proximity  to  the  celebrated 
Portland  cement  works  of  Dykerhoff  and  SchiflFerdeckcr,  Trass 
was  selected  as  the  material  to  be  used  on  account  of  its  strength 
and  cheapness,  although  it  had  to  be  brought  about  three  hundred 
miles.  Large  contracts  have  been  made  for  supplying  the  Chinese 
Government  with  Trass  manufactured  by  D.  Zervas*  Sons,  Cologne, 
Germany,  owners  of  extensive  tuflfstone  quarries  and  Trass  mills 
near  Andernach,  Kruft  and  Brohl. 

According  to  the  official  reports  of  the  Board  of  Trade  in  Lis- 
bon, Puzzolana  was  imported  from  San  Miguel,  Azores  Islands,  to 
Portugal,  in  1801,  and  was  there  used  with  great  success  in  the 
erection  of  important  buildings.  Of  late  years  this  Puzzolana  has 
been  used  with  great  satisfaction  in  the  following  railroad  con- 
structions :  East  Railroad,  South  Railroad,  and  Central  Railroad ; 
in  the  harbors,  docks  and  bridges  in  Porto,  Lisbon,  Ponta  Del- 
gada,  etc. ;  also  in  the  hospital,  aqueduct  and  reservoir,  together 
with  many  other  structures  in  Lisbon  and  other  cities  in  Portugal. 
In  the  harbor  and  dock  works  of  Figueira.  which  required  over 
five  years  to  finish,  the  mortar  was :  one  volume  Puzzolana,  one 
volume  Alcantara  lime,  and  one  volume  sand.  This  mortar  got 
so  hard  that  fire  was  produced  when  it  was  struck  with  a  hammer. 

Trass  and  Puzzolana  have  as  yet  rarely  been  used  within  the 

United  States ;  probably  because  they  have  not  been  advertised 

enough.    A  few  small  works  made  with  Puzzolana  of  the  Azores 

produced  excellent  results,  even  under  very  unfavorable  circum- 

^  stances. 

It  may  be  proper  at  this  point  to  mention  but  one  report  in  re- 
gard to  this.  Mr.  Henry  S.  Kearney,  Chief  Engineer  of  the  Board 
of  Electrical  Control  in  New  York,  says  in  his  letter  of  September 
2d,  1887 :    **  I  can  state  that  I  put  tiie  concrete  made  of  Puzzo- 
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lana  in  last  fall  in  Green  Point  for  foundation  of  a  large  engine, 
which  has  been  running  very  satisfactorily  since  last  spring.  As 
I  have  not  had  any  occasion  to  inspect  it,  there  being  no  com- 
plaint, I  can  say  that  it  is  satisfactory.  I  consider  the  time  (No- 
vember and  December)  when  concrete  was  placed,  being  very  un- 
favorable, and  my  not  being  troubled  since  the  engine  has  been 
running,  very  satisfactory  test  and  very  much  in  favor  of  the  ce- 
ment and  its  future  use." 

The  writer  of  this  article  inspected  the  work  mentioned.  The 
block  containing  over  50  cubic  yards  was  as  solid  as  a  monolith. 
The  place  where  the  block  had  to  be  put  in  was  swampy,  subjected 
to  the  effect  of  ebb  and  flood,  and  the  foundation  secured  by  but 
a  small  pile  work.  The  weather  was  so  cold  that  every  morning 
a  solid  ice  cover  had  to  be  removed  from  the  work  pit  to  put  the 
concrete  in,  and  the  concrete  consisting  of: 

I  volume  of  Puzzolana  from  the  Azores, 

I     *'         "  Rockland  lime  slacked  to  powder, 

i|.  "         "  concrete  stones, 
had  to  be  used  at  once  after  mixing  to  prevent  its  freezing.    All 
other  cement  work  at  the  place  had  to  be  stopped  on  account  of 
the  great  cold. 

Some  smaller  Puzzolana  concrete  works  at  the  same  place 
showed  all  the  same  perfection. 

Up  to  the  present  time  real  Puzzolana  has  not  yet  been  discovered 
within  the  United  States,  where  the  geological  conditions  offer 
little  expectation  in  that  regard. 


PRINCIPLES  OF  ELECTRICAL  DISTRIBUTION.— II. 

By  FRANCIS  B.  CROCKER. 

Constant  Potential  Parallel  Systems.  Parallel  systems 
operating  at  constant  potential  are  far  more  important  in  electrical 
distribution  than  series  systems,  since  practically  all  incandescent 
lamps,  a  large  proportion  of  arc  lamps,  and  nearly  all  electric 
motors,  are  supplied  by  them.  Constant  potential  circuits 
are  usually  more  complicated  than  the  simple  series  systems, 
there  being  only  a  single  path  for  the  current  in  the  latter 
case,  while  with   parallel  connections  there    are  a   number  of 
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branching  paths.  Furthermore,  the  maintenance  of  a  uniform 
voltage  over  a  large  district  is  exceedingly  difficult.  The  "  drop  " 
or  loss  of  voltage,  due  to  the  resistance  of  conductors,  is  particularly 
objectionable  in  incandescent  lighting,  since  the  slightest  decrease 
of  potential  produces  a  very  considerable  diminution  of  light.  For 
exaixtple,  the  candle-power  is  reduced  ^om  16  to  15,  which  is  more 
than  6  per  cent,  when  the  pressure  falls  from  no  to  109  volts,  or 
less  than  i  per  cent.  Such  a  very  small  variation  in  pressure 
would  hardly  be  appreciable  in  any  other  practical  work,  such  as 
steam  or  gas  distribution. 

The  drop  in  pressure  produces  three  different  effects  in  the 
lamps  or  other  devices  supplied  by  parallel  circuits : 

(i)  All  of  the  lamps  receive  a  lower  voltage  than  that  generated 
by  the  dynamo. 

(2)  Some  lamps  may  be  supplied  with  a  lower  pressure  than 
others. 

(3)  The  potential  at  some  lamps  may  vary  when  others  are 
thrown  on  or  off  the  same  circuit. 

The  least  harmful  of  these  effects  is  the  first,  which  merely  re*- 
quires  the  generator  to  be  run  at  a  little  higher  voltage,  and  does 
not  necessarily  involve  any  difference  between  the  candle-power 
of  the  lamps,  since  the  drop  may  be  made  substantially  the  same 
for  all  of  them  by  some  of  the  methods  described  later. 

On  the  other  hand,  variations  in  the  candle-power  of  lamps  due 
to  either  of  the  last  two  effects  are  extremely  objectionable  and 
difficult  to  overcome.  In  order  to  study  these  problems  let  us  take 
a  specific  case  and  assume  that  100  incandescent  lamps  are  to  be 
supplied  with  electric  current.  They  are  supposed  to  be  divided 
*into  five  groups  of  20  lamps  each ;  each  lamp  requires  a  current  of 
no  volts  and  one  half  ampere  and  gives  16  candle-power;  there- 
fore one  group  takes  10  amperes,  the  total  current  being  50  am- 
peres. The  members  of  each  group  of  lamps  are  connected  in 
parallel  in  the  usual  manner,  but  will  be  indicated  by  a  single  line 
ia  the  following  diagrams  in  order  to  avoid  confusion.  These 
groups  are  assumed  to  be  200  feet  apart  in  a  straight  line,  making 
a  total  distance  of  800  feet  between  the  extreme  groups,  as  shown 
in  Fig.  4.  The  five  groups  of  lamps  represented  by  the  light  verti- 
cal lines  are  connected  together  by  two  conductors,  which  are 
shown  as  hi^v^  horizontal  lines.  These  conductors  correspond  to 
the  so*called  mains  in  electrical  distribution  systems,  to  which  a^e 
vol.  xvni.— 17. 
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connected  the  leads  or  small  branch  wires  actually  supplying  the 
lamps.  The  mains  receive  their  current  through  feeders  which 
connect  them  with  the  generating  plant  as  represented  in  Fig.  12. 
As  a  general  rule  no  lamps  are  connected  directly  to  the  feeders. 
In  the  first  case,  represented  in  Fig.  4,  the  mains  are  supposed 
to  be  fed  at  one  end,  the  feeding  points  being  represented  by  short 
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vertical  lines  marked  +  2ind  ^  respectively.  The  mains  are  as- 
sumed to  consist  of  No.  ocxx)  wire,  A.  W.  G.,  which  would  weigh 
1025  pounds  for  the  1600  feet  required.  It  will  be  seen  that  a  po- 
tential of  1 1 1  volts,  supplied  at  the  feeding  points,  gives  109  volts 
at  the  other  end,  therefore  no  lamp  receives  a  pressure  more  than 
one  volt  greater  or  less  than  the  normal  value  of  1 10  volts. 

In  the  second  case.  Fig.  5,  the  mains  are  supposed  to  be  fed  at 
their  centres  as  shown.  In  this  case  No.  2  wire,  weighing  321.5. 
pounds,  gives  almost  exactly  the  same  variations  of  potential  as  in 
the  preceding  case,  the  maximum  pressure  being  ill  volts  and  the 
minimum  109.08  volts.  This  shows  that  a  great  saving  of  copper 
is  effected  by  simply  feeding  the  mains  in  the  middle  rather  than 
at  the  ends.  Theoretically,  it  would  only  require  one  quarter  as 
much  copper  in  the  former  case.  This  is  easily  seen  when  it  is 
considered  that  the  mains  in  Fig.  5,  on  each  side  of  the  feeding 
point  are  one  half  as  long  and  carry  one  half  as  much  current  as 
those  in  Fig.  4,  consequently  the  conductor  has  one  quarter  of  the 
cross  section  to  give  the  same  drop.  The  weight  is  found  to  be 
slightly  more  than  one  quarter  in  the  examples  because  the  nearest 
regular  size  of  wire  was  taken  in  each  case,  in  order  to  make  the 
exagipics  as  simple  and  practical  as  possible. 

The  next  case,  Fig.  6,  represents  the  mains  fed  at  opposite  points* 
This  is  sometimes  called  the  Werdermann  system,  after  its  inven- 


ELECTRICAL  DISTRIBUTION. 


243 


tor,  and  sometimes  the  loop  or  anti*paralUl  method  of  distribu- 
tion.  In  this  case  the  same  length  (1600  feet)  of  No.  4  wire  weigh- 
ing only  202.2  pounds,  gives  an  equally  good  distribution  of  poten- 
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tial.  It  is  sometimes  supposed  that  this  arrangement  must  give  a 
perfectly  uniform  potential  at  the  lamps,  since  the  sum  of  the  dis- 
tances of  each  lamp  from  the  feeding  points  measured  on  the  two 
mains  is  a  constant.  As  a  matter  of  fact,  however,  the  middle 
lamps  will  receive  a  lower  voltage  than  those  at  the  ends,  as  shown 
in  the  diagram.  This  is  due  to  the  fact  that  the  middle  lamps  are 
supplied  through  the  portions  of  the  main  conductors  which  cany 
heavy  currents,  and  in  which  the  drop  is  greatest.     For  example. 
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the  drop  on  the  mains  in  the  case  of  the  central  group  of  lamps  is 
2+1.5  +  1.5  +  2=7  volts,  but  for  the  end  group  of  lamps  it  is  only 
2+ 1.5  + 1  +0.5=5  volts.  It  is  possible,  however,  to  secure  a  per- 
fectly uniform  pressure  at  all  points  between  the  mains,  if  their 
cross-section  is  made  proportional  to  the  current  in  each  section. 
In  this  way  the  drop  in  each  section  will  be  the  same,  and  every 
lamp  will  be  supplied  with  exactly  the  same  pressure.  The  use 
of  these  tapering,  or  so-called  «^  conical,"  conductors  is  somewhat 
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objectionable  from  a  practical  point  of  view,  since  it  would  require 
considerable  extra  trouble  to  lay  them ;  but  it  is  evidently  prac- 
ticable in  many  cases  to  proportion  the  size  of  each  length  of  wire 
to  the  current  that  it  must  carry  without  involving  much  additional 
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trouble,  since  the  wire  is  laid  in  sections  between  cut-outs  at  which 
its  size  can  easily  be  changed.  For  example,  each  of  the  sections 
of  the  mains  shown  in  Fig.  6  could  consist  of  a  different  size  of 
wire. 

In  the  next  example  the  mains  are  fed  at  distributed  points  as 
represented  in  Fig.  7.  In  this  case  No.  7  wire,  weighing  only  10 1 
pounds,  gives  no  greater  variation  in  voltage  [t.  e,  one  volt  from 
the  normal)  than  No.  0000  wire,  weighing  1025  pounds  in  Fig.  4. 
These  examples  show  the  great  difference  that  is  made  by  chang- 
ing the  points  at  which  the  feeders  are  connected  to  the  mains. 
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It  should  be  carefully  noted,  however,  that  in  both  the  last  two 
cases  (Figs.  6  and  7)  the  feeders  must  supply  116  volts  to  the 
mains  instead  of  only  1 1 1  volts,  as  in  the  two  previous  examples 
(Figs.  4  and  5).  In  Fig.  6,  for  instance,  the  difTerence  of  potential 
between  the  feeding  points  -f  and  —  must  be  116  volts,  in  order 
that  the  end  group  A  shall  receive  ill  volts,  since  there  is  a  drop  of 

2+  1.5  +  I.  +  0.5  =  5  volts 

in  the  upper  main.  Similar  reasoning  applies  to  the  group  A  in 
Fig.  7.  This  necessity  for  supplying  a  considerably  higher  volt- 
age at  the  feeding  points  of  the  mains  is  -disadvantageous  in  two 
respects.  First,  it  involves  a  loss  of  power  in  watts  equal  to  the 
extra  pressure  multiplied  by  the  total  current,  and,  second,  it  may 
allow  great  variations  in  potential  to  occur  when  a  large  number 
of  lamps  are  thrown  on  or  off  the  circuit.  For  example,  if  all  the 
lamps  except  one  were  put  out,  the  remaining  one  would  receive 
practically  the  full  pressure  of  1 16  volts.  This  may  be  overcome 
by  reducing  the  voltage  of  the  feeders  when  lamps  are  discon- 
nected, either  by  automatic  or  hand  regulation,  employing  some  of 
the  methods  described  later. 

A  further  extension  of  the  principles  shown  in  Figs.  6  and  7  is 
indicated  in  Fig.  8,  in  which  five  groups  of  lamps  are  connected 
across  the  mains  which  form  complete  circles,  being  fed  at  diamet- 
rically opposite  points.  In  this  case  2000  feet  of  No.  8  wire  weigh- 
ing 100  pounds  is  used  instead  of  1600  feet  as  in  the  previous 
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examples.  A  similar  arrangement  is  shown  in  Fig.  9,  but  the 
lamps  are  assumed  to  be  divided  into  four  groups  of  25  lamps 
each.  All  the  lamps  receive  exactly  the  same  voltage,  1600  feet 
of  No.  10  wire,  weighing  only  50  {>ounds,  being  required.  This 
exact  equality  in  voltage  is  due  to  this  being  a  special  case  in 
which  the  lamps  happen  to  be  symmetrically  placed  with  respect 
to  the  feeding  points.  In  Fig.  6,  for  example,  the  second  and 
fourth  groups  of  lamps  have  exactly  the  same  voltage  since  they 
are  equally  distant  from  the  feeders.  But  the  pressure  at  the  feed- 
ing points  is  higher  in  Fig.  9  than  in  any  of  the  other  cases. 

Individual  Conductors.  The  most  certain  way  to  obtain  a  con- 
stant voltage  in  parallel  distribution  is  to  provide  each  lamp  or 
group  of  lamps  with  its  own  particular  conductors.  One  arrange- 
ment of  this  kind  is  illustrated^  in  Fig.  10,  five  groups  of  lamps, 
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each  taking  lO  amperes  and  placed  200  feet  apart,  being  assumed 
as  in  the  previous  examples.  The  feeding  points,  marked  +  and 
—  are  supposed  to  be  located  at  some  distance  from  the  lamps,  as 
shown.  The  pair  of  conductors  that  supply  each  group  is  so  pro- 
portioned in  size  and  length  that  the  drop  has  an  equal  value  for 
all  of  the  groups.  This  condition  will  be  secured  if  the  cross-sec- 
tions  of  the  various  conductors  are  respectively  proportional  to 
their  lengths.  For  example,  if  a  conductor  is  twice  as  long  as 
another,  it  should  have  double  the  cross  section,  so  that  the  re- 
sistance of  the  two  will  be  equal.  If  the  currents  are  not  the  same 
for  the  different  conductors,  the  cross  sections  should  be  further 
modified  in  proportion  to  the  currents.     It  other  words,  for  all  of 
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il 
the  pairs  of  conductors  —  should  have  the  same  value,  t  being  the 

current  in  amperes,  /  the  length  and  a  the  cross  section. 

It  is  not  apparent  what  advantages  this  plan  of  using  individual 
wires  has  over  the  arrangements  already  described,  the  weight  of 
copper  being  even  greater  than  that  in  Fig.  7,  for  example.  The 
answer  is  to  be  found  in  the  fact  that  the  groups  of  lamps  in  Fig. 
JO  are  not  only  equal  in  potential  when  all  are  burning,  but  they 
are  also  independent  of  one  another,  the  turning  on  or  off  of  one 
or  more  groups  not  affecting  the  others,  provided  that  the  voltage 
at  the  feeding  points  +  and  —  is  kept  constant.  In  the  preceding 
cases,  the  throwing  off  of  some  lamps  would  vary  the  pressure  of 
all  the  others.  In  fact,  it  was  pointed  out  that  disconnecting  every 
lamp  but  one  would  raise  its  potential  practically  the  whole  amount 
of  the  drop,  which  was  five  or  six  volts  in  some  instances.  It  was 
also  stated  that  the  remedy  for  this  variation  consists  in  regulating 
the  pressure  at  the  feeding  points.  Thus  it  appears  that  it  |s  nec- 
essary to  maintain  a  constant  voltage  at.  the  feeding  potntfi  with 
some  arrangements  of  conductors  and  a  variable  voltage  with 
\y  others.    These  questions  will  be  considered  later  under  feeder 

regulation. 

Fig.  II  represents  another  example  of  individual  conductors, 
but  in  this  case  each  group  of  lamps  is  supplied  through  the  same 
total  length  of  conductor,  i.  e.,  800  feet  of  No.  8  wire,  having  0.5 
ohm  resistance.  Consequently  the  drop  is  five  volts  for  all,  since 
each  group  takes  10  amperes.  The  advantage  of  this  plan  over 
that  shown  in  Fig.  6,  which  it  somewhat  resembles,  is  the  freedom 
from  interference  already  explained.  It  should  be  noted,  however, 
that  in  either  Fig.  10  or  1 1  the  turning  off  of  a  portion  of  the  lamps 
in  one  particular  cluster  would  affect  the  remaining  ones  in  that 
group.  In  order  to  secure  complete  independence  of  operation 
for  every  lamp  in  a  system,  it  would  be  necessary  to  provide  each 
one  with  its  own  individual  wires.  This  is  practically  out  of  the 
question  in  almost  all  cases,  but  it  can  be  approximated  more  or 
less  closely,  the  tendency  in  the  best  practice  being  to  sub-divide 
the  circuits  and  reduce  the  number  of  lamps  on  each,  as  far  as 
economy  and  simplicity  will  reasonably  allow. 

Regulation  of  Pressure.  The  feeding  points  in  the  various  dia- 
grams might  in  some  cases  be  supplied  with  current  directly  from 
the  generator,  the  voltage  of  the  latter  being  varied  in  accordance 
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with  the  number  of  lamps  connected.  With  the  arrangement 
shown  in  Figs.  4  and  5  it  would  not  be  nlbcessaiy  to  alter  the  po- 
tential at  all,  because  no  lamp  could  receive  more  than  1 1 1  volts^ 
which  is  the  pressure  of  the  feeding  points,  even  if  all  but  one 
lamp  were  turned  oflf.  The  large  amount  of  copper  used  in  these 
cases  saves  the  trouble  of  regulation,  and  often  might  be  worth 
the  extra  first  cost.  This  is  practically  the  way  that  the  majority 
of  isolated  plants  are  operated,  the  size  of  the  wires  being  suflS- 
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bient  to  limit  the  drop  to  a  small  amount,  so  that  the  dynamos 
can  run  at  a  fixed  voltage.  As  a  matter  of  fact,  however,  the  per- 
centage of  drop  is  usually  too  great  to  make  this  a  very  satisfac- 
tory method.  If,  for  example,  the  wiring  is  designed  for  5  per 
cent,  drop  at  full  load,  and  the  dynamo  generates  115  volts,  the 
lamps  will  then  be  supplied  wfth  the  normal  pressure  of  1 10  volts. 
But  when  nearly  all  the  lamps  are  disconnected,  the  remaining 
ones  may  receive  almost  115  volts,  which  would  rapidly  destroy 
them,  besides  causing  disagreeable  fluctuations  in  candle-power* 
As  a  compromise,  the  dynamo  might  be  run  at  112.5  volts,  but  at 
full  load  this  would  cause  the  lamps  to  burn  quite  dimly  when  the 
greatest  light  is  required.  The  natural  tendency  to  operate  incan- 
descent lighting  plants  at  an  average  voltage  is  largely  responsible 
for  the  poor  illumination  that  is  often  observed,  the  lamp  filaments 
being  usually  a  dull  yellow,  and  sometimes  only  red.  But  it  is  a 
false  economy  to  prolong  the  life  of  the  lamps  at  the  expense  of 
light.  An  increase  of  10  per  cent,  in  light  for  500  hours  is  worth 
50  cents  at  ordinary  central  station  rates,  which  is  enough  to  buy 
two  new  lamps.  In  other  words,  the  electrical  energy  costs  one 
cent  per  hour  and  tiie  lamp  only  about  -^ »  ^  cent  per  hour^ 
hence  it  is  very  unwise  to  save  the  latter  at  the  expense  of  the 
former.  Furthermore,  lamps  tend  to  deteriorate  in  efficiency  and 
give  less  light  after  a  certain  time.    In  short,  for  several  reasons^ 
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it  18  unwise  to  run  them  below  their  full  rated  voltage.  These 
difficulties  may  be  avoided  either  by  regulating  the  generator  by 
hand  or  by  employing  an  "  over  compound  "  dynamo  designed  ta 
automatically  increase  its  voltage  by  an  amount  equal  to  the  per«» 
centage  of  drop  at  full  load. 

With  any  of  the  arrangements  represented  in  Figs.  6,  7, 8  and  9 
the  regulation  of  the  generator  would  be  practically  necessary, 
§ince  the  potential  at  the  feeding  points  is  115  volts  or  more  at 
full  load,  which  would  be  excessive  at  light  loads.   But  by  increas- 
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ing  the  size  of  the  conductors  the  drop  can  be  reduced  to  a  ismall 
amount^  say  2  per  cent  or  less,  so  that  it  is  not  required  to  vary 
the  feeding  voltage.  This  applies  not  only  to  these  cases,  but  to 
almost  any  possible  system,  demanding,  however,  a  large  quantity 
of  copper. 

The  individual  conductors,  shown  in  Figs.  10  and  li,do  not 
involve  any  regulation  of  pressure,  the  feeding  points  being  main- 
tained constantly  at  1 1 5  volts,  and  each  group  of  lamps  always  re- 
ceiving I  ID  volts  when  it  is  turned  on. 

Feeders. — In  almost  all  practical  systems  the  feeding  points  in- 
dicated in  the  diagrams  are  at  some  distance  from  the  generator, 
being  connected  to  it  by  conductors  which  are  called  '<  feeders." 
These  are  quite  simple,  since  they  are  laid  in  as  direct  a  path  as 
possible,  and  do  not  usually  have  any  branches  or  lamps  connected 
to  them,  being  represented  by  the  feeders  AA  in  Fig.  1 2.  Occa- 
sionally they  are  divided  at  the  end  like  the  feeders  BB  into  two 
or  more  branches  CC  which  lead  to  distributed  points  on  the 
mains  lA  order  to  equalize  the  .pressure  more  perfectly.  The  por- 
tions CC^vt  commonly  called  sub-feeders. 

Feeder  Regulation.  It  has  been  shown  that  it  is  generally  neces- 
sary to  regulate  the  voltage  at  the  feeding  points  to  make  up  for 
the  variable  drop  on  the  mains.  When  feeders  are  employed  the 
regulation  of  the  potential  at  the  generator  should  be  sufficient  to 


250 


THE  QUARTERLY. 


compensate  for  the  drop  on  the  feeders  also.  If  there  is  only  one 
pair  of  feeders,  or  if  they  are  all  uniformly  loaded,  over-compound 
winding  on  the  dynamo  can  be  made  to  neutralize  the  total  drop. 
But  where  there  are  several  feeders  which  are  differently  loaded,  it 
becomes  necessary  to  provide  some  means  for  controlling  them 
independently. 

The  various  devices  employed  for  this  purpose  are  : 
I.  Feeder  rheostats ;  2.  Auxiliary  "  bus  bars,"  and  3.  "Boosters." 
The  first  of  these  methods  consists  simply  in  placing  a  rheostat 
or  variable  resistance  in  series  with  each  feeder,  as  represented  in 
Fig.  13,  the  current  capacity  of  the  rheostat  being  sufficient  for  the 
maximum  current  conveyed  by  the  feeder.  In  operating  such  a 
system  a  certain  amount  of  resistance  R  is  introduced  into  the  cir- 
cuit of  feeder  A  that  is  lightly  loaded,  in  order  that  the  pressure 
which  it  supplies  to  the  mains  shall  not  be  too  high  compared 
with  that  of  the  more  heavily  loaded  feeder  B^  which  has  less  re- 
sistance inserted.  Thus  by  adjusting  the  arms  of  the  rheostats  R 
and  5,  the  voltage  at  the  ends  of  the  feeders  A  and  B  may  be  made 
equal  for  all  loads,  or  the  potential  at  the  end  B  may  be  raised  a 
little  above  that  of  ^  in  order  to  make  up  for  the  greater  drop  in 
the  mains  at  H  than  at  F, 

The  voltage  at  the  further  ends  of  the  feeders  may  be  determined 
by  running  extra  conductors  WW,  called  "  pressure  wires,"  from 
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Fig.  13 — Feeder  Regulation  by  Resistance. 


the  generating  plant  to  the  point  at  which  the  feeder  is  connected 
to  the  mains.  The  actual  potential  is  read  directly  on  the  volt- 
meter F,  since  the  current  in  the  wires  ^  ^  is  so  little  that  there 
is  no  appreciable  drop  upon  them  even  when  they  are  quite  small. 
Another  method  consists  in  subtracting  the  drop  /Ron  the  feeders 
from  the  voltage  Fat  the  generators,  that  is,  the  potential  at  the 
ends  of  the  feeders  Pss  V — IR,  in  which  /  is  the  current  and  R 
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the  resistance  of  a  given  pair  of  feeders.  For  this  purpose  an 
ampere-meter  may  be  put  in  series  with  each  pair  of  feeders,  and  it 
can  be  calibrated  to  give  the  drop  upon  them  by  simply  multiply- 
ing its  scale  numbers  by  the  total  resistance  of  the  two  feeders.  A 
still  more  perfect  device  is  the  so-called  compensated  voltmeter. 
This  has  the  ordinary  coil  which  measures  the  voltage  of  the  gen- 
erators, and  also  an  additional  coil  that  carries  a  certain  fraction 
of  the  feeder  current,  the  effect  of  the  latter  being  to  modify  the 
deflections  of  the  pointer,  so  that  it  indicates  the  pressure  at  the 
far  end  of  the  feeder. 

Auxiliary  'Bus  Bars  are  often  employed  in  stations  or  plants  of 
considerable  size  in  order  to  avoid  the  loss  of  energy  which  in- 
evitably occurs  when  "  dead "  resistance  is  used  for  regulation. 
This  method  is  represented  in  its  simplest  form  in  Fig.  14,  Cand 
D  being  two  dynamos,  one  of  which  D  is  connected  to  the  main 
bus  bar  F,  and  generates  the  ordinary  potential  required  to  supply 
the  shorter  feeders  or  those  which  are  lightly  loaded,  such  as  B. 
The  other  dynamo  C  runs  at  a  higher  voltage,  and  is  connected  to 
the  auxiliary  bus  bar  E  for  supplying  the  longer  or  more  heavily 
loaded  feeders,  represented  by  A.  The  scope  for  regulation  is 
still  further  increased  by  varying  the  pressure  at  either  or  both  of 
the  bus  bars.  This  may  be  accomplished  by  hand  or  automatic- 
ally, rheostats  in  the  shunt  field  circuits  of  the  dynamos,  com- 
pound winding,  or  other  well  known  means  for  controlling  the  E. 
M.  F.  of  dynamos  being  employed  for  the  purpose.  It  is  evident 
that  any  number  of  bus  bars  may  be  used,  being  supplied  with 
current  by  dynamos  running  at  different  voltages,  and  two  or  more 
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Fia.  14. — Feeder  Regulation  with  Auxiliary  Bus  Bars. 


dynamos  may  be  operated  in.  parallel  on  any  bus  bar,  in  accordance 
with  the  demands  for  current.  It  is  also  obvious  that  several  feed- 
-ers  may  be  connected  to  one  bus  bar.     Each  feeder  is  provided 
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with  switches  that  connect  it  to  any  particular  bus  bar 
to  the  load  upon  it. 

A  tnmsfer  bus  bar  is  used  to  enaMe  a  ficeder  to  be  gradually 
shifkcd  from  one  bus  bar  to  another  witiboul  the  sudden  variation 
in  potential  which  would  occur  if  it  were  thrown  over  directly  by 
means  of  the  switches  mentioned  above.  This  arrangement  is  in- 
dicated in  Fig.  15,  being  similar  to  that  shown  in  Fig.  14  but  hav- 
ii^  a  transfer  bus  bar  P  in  addition  to  the  main  and  aujdliaiy  bars 
F  and  E  The  latter  is  connected  to  the  resistance  7*of  a  rheostat,, 
the  movable  arm  V  of  which  is  connected  to  Ae  transfer  bar  P^ 
The  operation  of  shifting  the  feeder  B  from  the  main  bus  bar 
Fx,o  the  auxiliary  £  when  its  load  becomes  large,  is  as  follows: 
The  feeder  B  is  connected  to  the  transfer  bar  at  P^  the  rheo- 
stat 7  being  previously  open-circuited.  The  arm  V  is  then, 
moved  clockwise  until  it  comes  in  contact  with  the  esctremity  of 
the  resistance  T.  This  connects  the  feeder  B  with  the  auxiliary 
bar  E  through  the  whole  of  the  resistance  T  which  allows 
a  certain  current  to  flow  from  E  into  B^  the  former  having  a 
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Fig.  15. — ^Fkedbr  Rirulation  with  Tilansfsk  Bus  Bars. 

higher  potential  than  F^  to  which  B  still  remains  connected.  The- 
resistance  T'is  then  gradually  cut  out  by  the  further  movement  of 
the  arm  V  until  the  current  supplied  from  the  auxiliary  E  to  the 
feeder  B  is  equal  to  the  load  carried  by  the  latter,  when  the  con- 
nection between  B  and  the  main  bus  bar  F  is  opened.  The  re- 
mainder of  the  resistance  T  is  then  cut  out,  which  directly  con- 
nects the  feeder  B  with  the  auxiliary  bar  E^  the  transfer  having 
been  made  without  any  disturbance  of  the  system.  In  performing^ 
this  operation  the  amounts  of  current  are  ascertained  by  having 
an  ampere-meter  inserted  between  T  and  E  in  addition  to  the 
ampere-meter  that  should  always  be  placed  in  circuit  widi  each 
feeder.    The  diflference  of  potential  between  the  feeders,  bus  bars^ 
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etc.,  should  also  be  indicated  by  voltmeters.  The  necessary  in- 
struments  are  assumed  to  be  present  in  every  case,  but  are  omitted 
from  the  diagrams  to  avoid  confusion,  as  they  perform  no  active 
part  in  the  operation  of  the  system,  their  only  function  being  to 
give  information. 

Where  two  or  more  feeders  run  to  the  same  main  and  are  pro- 
vided with  rheostats,  one  of  them  may  be  disconnected  or  trans- 
ferred from  one  bus  bar  to  another  by  first  cutting  in  all  the  re- 
sistance of  the  rheostat  in  order  to  reduce  the  current  and  then 
opening  the  switdi.  The  drop  on  a  feeder  being  usually  only  a 
few  volts,  its  circuit  may  be  opened  with  practically  no  greater 
flash  than  is  produced  by  any  other  circuit  having  a  voltage  equal 
to  this  drop,  provided  the  remaining  feeders  are  sufficient  to  carry 
the  current  without  materially  increasing  the  fall  of  potential  upon 
them.  In  fact,  it  is  possible  to  regulate,  in  this  way,  the  potential 
on  a  system  of  conductors,  some  of  the  feeders  being  disconnected 
where  the  load  is  light  and  the  pressure  is  high,  thus  tending  to 
make  the  voltage  uniform. 

Feeder  Regulation  by  Means  of  ^^ Boosters  "  is  represented  in  Fig. 
16,  in  which  D  is  the  main  dynamo  generating  the  greater  part  of 
the  electrical  energy,  and  R  and  S  are  two  small  auxiliary  dyna- 
mos called  <' boosters,"  connected  in  series  with  the  dynamo  D 
and  the  two  feeders  A  and  B  respectively.  Assuming  that  the 
main  dynamo  D  generates  a  constant  voltage,  the  variation  in 
pressure  required  to  regulate  the  feeders  in  accordance  with  the 
changing  loads  upon  them  is  obtained  by  controlling  the  potential 
of  the  boosters  R  and  5*.  This  is  usually  accomplished  by  excit- 
ing the  field  magnets  of  each  booster  from  the  dynamo  Z7,  a  rheo- 
stat being  inserted  in  the  circuit.     Another  plan  is  to  provide  the 
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Fig.  16. — Fbeder  Regulation  by  Means  of  Boosters. 

boosters  with  series-wound  field  magnets,  in  which  case  die  voltage 
generated  by  each  increases  with  the  current  flowing  through  it. 
With  iield  magnets  designed  to  work  below  magnetic  saturation, 
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this  gives  an  automatic  regulation  which  is  almost  perfect,  since 
the  extra  pressure  produced  by  the  booster  may  be  made  to  ex- 
actly overcome  the  drop  on  the  corresponding  feeder  for  all  loads, 
or  it  may  be  designed  to  also  make  up  for  some  or  all  of  the  drop 
on  the  mains  and  leads.  This  method  is  quite  similar  in  principle 
to  that  of  compound-wound  dynamos,  but  it  acts  upon  the  feeders 
individually,  instead  of  upon  the  system  as  a  whole.  The  main 
dynamo  and  the  boosters  may  all  be  driven  by  one  or  more  steam 
engines  or  other  prime  mover,  or  the  boosters  may  be  operated 
by  electric  motors  supplied  with  current  from  the  main  dynamos. 
Boosters  are  sometimes  used  to  reduce  the  voltage  instead  of  rais- 
ing it,  in  which  case  the  main  dynamo  may  be  run  at  the  average 
pressure  required  by  the  feeders,  the  potential  in  those  that  are 
heavily  loaded  being  increased  and  being  depressed  in  the  lightly 
loaded  ones.  A  booster  which  lowers  the  voltage  by  generating  a 
counter  E.  M.  F.  acts  as  a  motor  and  tends  to  develop  power ;  conr 
sequently,  if  it  is  coupled  with  another  booster  it  will  drive  it  as  a 
dynamo,  provided  that  the  energy  absorbed  by  the  former  is  slightly 
greater  than  that  produced  by  the  latter,  in  order  to  make  up  for 
mechanical  and  electrical  losses  in  both  machines. 

Instead  of  having  a  separate  booster  for  each  feeder,  as  indicated 
in  Fig.  1 6,  two  or  more  feeders  requiring  approximately  equal 
voltages  may  be  supplied  from  the  same  booster.  In  this  way  a 
large  number  of  feeders  may  be  regulated  with  only  a  few  boosters, 
which  are  run  at  different  potentials,  the  feeders  being  divided 
among  them  according  to  the  extra  pressure  required.  This  is 
practically  equivalent  to  a  system  having  several  auxiliary  bus  bars 
supplied  with  different  voltages.  In  Fig.  14,  for  example,  the 
dynamo  C  might  be  omitted  and  the  higher  voltage  required  for 
the  auxiliary  bus  bar  E  could  be  obtained  by  connecting  a  booster 
between  E  and  F.  This  is  a  more  convenient  arrangement  in 
some  cases,  particularly  in  small  plants,  since  it  would  only  be 
necessary  to  run  one  main  dynamo,  the  booster  being  driven  by 
a  motor  fed  with  current  from  the  dynamo. 

Three-wire  System.  The  three-wire  system  which  was  inde- 
pendently invented  by  Edison  and  Hopkinson  has  for  its  ob- 
ject the  saving  of  copper  in  distributing  conductors.  Until  quite 
recently  it  was  not  considered  practicable  to  use  incandescent  lamps 
designed  for  a  pressure  higher  than  120  volts.  This  limited 
the  potential  at  which  parallel  systems  were  operated   and  de- 
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xnanded  conductors  of  large  size  and  weight,  particularly  when 
the  current  is  transmitted  any  considerable  distance,  as  already 
shown  in  the  examples  given.  When  it  is  attempted  to  sup- 
ply incandescent  lamps  in  series,  difficulties  immediately  arise, 
due  to  the  dangers  of  high  potential,  the  interference  between 
the  lamps  and  the  imperfection  of  regulation,  all  of  which  were 
noted  under  the  head  Series  Systems.  The  principle  of  the 
three-wire  arrangement  may  be  understood  by  first  considering 
two  entirely    distinct  two-wire  circuits,  as   represented  in  Fig. 

• 


*<r3TO 


"HH 


Figs.  17  and  18. — Evolution  of  the  Three- Wire  Systems. 

17.  If  the  lamps  L  and  N  happen  to  be  placed  in  the  manner 
shown,  it  is  evident  that  they  may  be  connected  in  series  of 
two  each,  as  illustrated  in  Fig.  18,  in  which  case  the  inter- 
mediate wires  y  and  AT  become  superfluous  and  are  omitted.  But 
when  one  of  the  lamps  is  turned  off  or  burned  oat,  its  companion 
will  also  go  out,  hence  a  third  wire,  indicated  in  Fig.  19  by  a  line 
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FiGS.  19  AND  30. — ^Three-Wire  System. 

marked  O,  is  extended  from  the  junction  between  the  two  dynamos 
C  and  D^  in  order  to  avoid  this  difficulty.  This  allows  any  num- 
ber of  the  lamps  to  be  disconnected  without  putting  out  those 
which  remain.  The  extra  conductor  is  called  the  neutral  wire,  and 
is  usually  marked  0  or  zh,  the  latter  symbol  representing  the  fact 
that  it  is  positive  with  respect  to  one  conductor  and  negative  with 
respect  to  the  other.  The  neutral  wire  carries  no  current  if  the 
system  is  exactly  "  balanced  "  (Fig.  19},  but  when  the  amounts  of 
current  on  the  two  sides  of  the  system  are  not  the  same  it  supplies 
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the  difference,  whatever  it  may  be,  as  represented  by  arrows  and 
numbers  in  Figs.  20  and  21,  each  lamp  being  assumed  to  take  one 
ampere.  It  should  be  observed  that  the  flow  of  current  may  be 
opposite  in  direction  in  different  parts  of  the  neutral  wire  (Fig.  20). 
Another  peculiar  condition  in  three-wire  circuits  is  the  fact  that 
the  potential  at  certain  lamps  may  actually  be  higher  .than  that  of 
the  dynamo  on  the  same  side  ofthe  system.    This  is  demonstrated 
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Figs.  21  and  22.— Thrxk-Wirb  System. 

in  the  potential  diagram  (Fig.  22),  corresponding  to  the  arrange- 
ment of  lamps  shown  in  Fig.  21.  Assuming  the  resistance  of  each 
of  the  three  wires  to  be  i  ohm,  the  drop  on  the  +  conductor  be- 
tween R  and  M  will  be  4  volts  with  a  current  of  4  amperes.  The 
drop  between  iVand  5  on  the  neutral  wire  will  be  3  volts,  since  3 
amperes  flow  back  through  it.  With  a  potential  of  117  volts  at 
«ach  dynamo,  this  gives  1 10  volts  for  the  lamps  between  ^  and  N, 
The  drop  on  the  —  wire  between  P  and  T'  is  i  volt,  hence  the 
potential  of  the  point  P  is  i  volt  above  that  of  T^  but  as  iV  is  3 
volts  higher  in  potential  than  5,  it  follows  that  the  pressure  be- 
tween N  and  P  is  2  volts  greater  than  that  delivered  at  5  and  7 
by  the  dynamo  D.  Therefore,  the  lamps  2X.  M  N  receive  7  volts 
less  pressure  and  the  lamp  at  -A^P  is  supplied  with  2  volts  more 
pressure  than  the  potential  diflference  at  each  dynamo. 

Advantages  and  Disadvantages  of  the  Three-  Wire  System.  The 
sole  merit  of  this  arrangement  is  the  fact  that  it  saves  copper,  the 
amount  of  this  saving  being  determined  as  follows : 

The  circuit  represented  in  Fig.  18  has  two  wires,  while  those  in 
Fig.  17  employ  four,  hence  the  former  requires  one  half  as  much 
copper  as  the  latter,  assuming  the  size  of  the  wires  to  be  the  same. 
Furthermore,  the  percentage  of  drop  in  Fig.  1 8  will  only  be  x>ne 
half  as  great  as  that  in  Fig.  17,  the  explanation  of  this  fact  being 
given  in  Figs.  23  and  24,  which  show  the  distribution  of  potential 
in  the  two  cases.  In  the  two-wire  circuits  (Figs.  17  and  23)  there 
will  be  a  drop  of  four  volts  on  each  wire,  assuming  four  amperes  of 
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current  and  one  ohm  of  resistance  for  each,  and  the  lamps  will  re- 
ceive io6  volts  with  a  pressure  of  114  volts  at  the  dynamos,  the 
drop  being  -j-f-^,  or  7  per  cent. 

The  lamps  on  the  three-wire  circuits  (Figs.  18  and  24)  receive 
no  volts  with  the  same  initial  potential,  /.  ^.,  114  volts,  the  drop 
being  only  -j-f^  or  3.5  per  cent.,  or  one  half  as  much  as  in  the 
previous  case.  It  follows,  therefore,  if  the  wires  in  Fig.  18  have 
one  half  the  cross  section  of  those  in  Fig.  17,  that  the  percentage 
of  drop  will  be  the  same  for  both.  Consequently  Fig.  18  requires 
one  half  as  many  conductors  of  one  half  the  size,  or  only  one 
quarter  as  much  copper  as  Fig.  17  for  the  same  drop.  If  now  the 
neutral  conductor  in  the  three-wire  system  (Fig.  19)  be  made  the 
same  size  as  each  of  the  outside  wires,  the  weight  of  the  copper 
will  be  J^  +  ^  =  ^  as  much  as  in  the  two-wire  circuits  (Fig.  17), 
supplying  the  same  number  of  lights  at  the  same  distance  with 
equal  drop.  Since  the  neutral  wire  usually  carries  only  a  small 
current,  it  is  often  made  one  half  as  large  as  either  of  the  outside 
conductors,  in  which  case  the  weight  of  copper  becomes  y\  that 
demanded  by  the  two-wire  system. 

The  great  saving  in  copper,  amounting  ordinarily  to  5^  or  62  5 
per  cent,  is  considered  of  such  paramount  importance  that  the 
three-wire  system  is  usually  adopted  in  electric  lighting  for  low- 
tension  distribution  wherever  the  distances  are  considerable.  In 
the  case  of  low  tension  central  stations  this  custom  is  very  general, 
and  even  for  large  isolated  plants  the  three-wire  system  is  often 
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Figs.  23  and  24 Advantage  of  the  Three- Wire  System. 
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selected.  It  is  also  employed  for  the  secondary  wiring  in  alter- 
nating current  distribution  with  transformers.  The  object  in  all 
cases  is  to  save  copper,  which  constitutes  such  a  large  item  in  the 
cost  of  nearly  all  electrical  installations. 

To  offset  this  advantage,  however,  the  three-wire  system  has  the 
following  disadvantages : 


VOL.  xvin. — 18. 
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1 .  It  is  usually  necessary  to  operate  at  least  two  dynamos  or 
other  sources  of  current. 

2.  It  is  necessary  to  lay  and  to  take  care  of  three  wires  instead 
of  two. 

3.  The  switches,  cut-outs,  measuring  instruments,  etc.,  are  also 
more  complicated. 

4.  The  saving  of  copper  stated  assumes  that  the  neutral  wire 
carries  no  current. 

But  if  all  the  lamps  happen  to  be  in  use  on  one  side  of  the  sys- 
tem only,  the  copper  should  be  the  same  as  for  a  two-wire  circuit. 
Even  though  the  system  be  carefully  kept  balanced  so  that  the 
current  in  the  neutral  conductor  is  only  10  per  cent,  of  the  total, 
the  saving  of  copper  would  be  reduced  from  62.5  to  about  50  per 
cent,  for  the  same  actual  percentage  of  drop. 

5.  The  variation  in  potential  is  aggravated  by  the  increase  that 
sometimes  takes  place  (Fig.  22),  which  is  impossible  on  a  two-wire 
circuit. 

When  all  these  objections  are  considered  it  is  somewhat  doubt- 
ful if  the  reduction  in  the  weight  of  copper  makes  up  for  them  in 
some  cases  where  the  three-wire  system  is  adopted.  There  is  a 
strong  tendency  on  the  part  of  the  purchaser,  consulting  engineer 
and  contractor  to  give  too  great  weight  to  the  matter  of  first  cost 
and  too  little  heed  to  questions  of  convenience,  labor  involved, 
liability  of  accidents  and  many  other  factors  that  make  up  running 
expense.  The  three-wire  system  is  unquestionably  more  compli- 
cated and  difficult  to  install  or  operate,  and  it  should  not  be  sel- 
ected unless  the  saving  that  it  secures  is  surely  sufficient  to  pay 
for  these  disadvantages.  For  low-tension  distribution  to  distances 
of  a  mile  it  is  practically  necessary  to  employ  it,  but  for  isolated 
plants,  where  the  length  of  wires  is  only  a  few  hundred  feet,  its 
superiority  is  by  no  means  certain,  in  spite  of  the  very  powerful 
argument  which  may  be  based  upon  the  saving  of  copper. 

The  recent  improvements  in  and  applications  of  220-volt  incan- 
descent lamps  renders  the  three-wire  system  considerably  less  im- 
portant than  formerly,  since  it  enables  a  two- wire  circuit  to  be 
operated  at  220  volts,  the  copper  required  being  only  two-thirds 
as  much  as  for  the  ordinary  three-wire  system.  To  be  sure,  the 
latter  can  now  be  run  at  440  volts,  giving  it  the  same  relative  ad- 
vantage as  before,  but  it  is  doubtful  if  such  a  high  voltage  is  de- 
sirable for  general  use. 
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EXPLORATIONS  IN  THE  GOLD  FIELDS  OF  WESTERN 

COLOMBIA. 

By  F.  C.  NICHOLAS. 
(Read  before  the  New  York  Academy  of  Sciences,  February  15,  1897.) 

The  auriferous  graveb  of  Colombia  are  noticeably  prominent 
on  the  western  slopes  and  foothills  of  the  Andes  Mountains.  In 
the  interior  parts  of  these  mountains  there  are  veins  with  quartz 
gangue  and  large  deposits  of  auriferous  pyrites;  these  seem  of 
ordinary  formation,  but  the  gold-bearing  sands  and  gravels  of  the 
lowlands  present  many  peculiarities  and  at  numerous  points  are 
illustrative  of  those  conditions  of  difference  between  certain  of  the 
tropical  auriferous  gravels  and  those  in  countries  where  rain  and 
flood  do  not  exert  so  marked  an  influence.  Along  the  western 
base  of  the  Ajides  Mountains  gold  is  found  in  gravel  banks,  in 
•deposits  of  sand,  in  argillaceous  alluvium  and  in  all  the  rivers. 
In  two  instances  I  noted  it  in  pebbles  of  a  hard  feldspar  porphyry. 
)  The  gold  in  each  case  was  well  defined,  and  could  be  distinctly 

seen  in  the  rock  mass  just  beside  one  of  the  light-colored  inclos- 
ures.  The  pebbles  were  found  on  the  same  watershed  but  in  dif- 
ferent streams  and  a  long  distance  apart. 

Samples  of  gold  washed  in  this  country  are  at  times  so  astonish- 
ing that  the  most  extravagant  claims  have  been  made  for  its  pros- 
pective output;  I  noted  the  following  instances :  Near  Quibdo  a 
prospecting  party  secured  twelve  pounds  of  gold  from  two  or  three 
yards  of  a  mixed  gravel  and  alluvial  deposit.  The  outlook  seemed 
promising  and  an  extensive  claim  was  located.  The  gold  had  been 
found  in  a  low  part  of  the  valley  and  all  the  ground  appeared  sim- 
ilar to  the  spot  where  it  was  taken.  The  owners  were  enthusiastic 
and  employed  the  twelve  pounds  of  gold  in  opening  up  the  prop- 
•erty  and,  though  they  searched  with  great  care,  no  more  was  found, 
not  even  a  pennyweight. 

A  merchant  at  Quibdo,  who  has  a  comfortable  fortune,  claims 
to  have  taken  nearly  the  whole  of  it  from  one  spot  where  he  dug 
down  in  a  soft  bed  rock  and  secured  rich  returns. 

As  I  was  traveling  through  the  country,  my  guides  took  me  to 
a  small  brook  that  had  cut  deep  in  the  bed  rock  and  assured  me 
that  about  ^10,000  were  taken  from  it  in  a  few  days. 
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My  investigations  in  this  country  lead  me  to  believe  that  these 
statements  are  correct,  but  that  the  general  deposits  of  gold  are  not 
one-tenth  part  of  what  might  be  expected  from  such  rich  returns. 

The  formation,  beginning  from  the  Gulf  of  Darien  and  thence 
southward  up  the  Atrato  River,  is  a  long  stretch  of  swamps  and 
alluvium  to  Quibdo;  at  this  point  low  gravel  beds,  carrying  gold^ 
are  found,  and  further  on.  near  Lloro  the  bed  rock  is  first  seen.  It 
rises  abruptly  from  the  river  and  stands  in  a  precipitous  bluff,  its 
upper  outline  being  a  gentle  anticline  and  the  total  elevation  ap- 
pearing to  be  80  to  100  feet.  Opposite  this  cliff  there  is  a  broad 
flat  covered  with  gravel  left  by  the  river  as  it  gradually  encroached 
on  the  cliff  and  cut  its  way  to  new  channels.  Such  flats  are  numer- 
ous and  must  be  very  rich  in  gold,  but  as  the  bed  rock  is  well  be- 
low the  water-line  they  are  not  available,  excepting  for  a  pumping 
proposition. 

The  bed  rock  is  very  soft  and  appears  to  be  an  extensive  aque- 
ous deposit  of  eroded  volcanic  material  mingled  with  sand  and 
alluvium.  It  is  very  soft  at  places  and  a  knife  can  be  thrust  in  it 
several  inches.  The  whole  country  along  the  western  base  of  the 
Andes  appears  to  be  underlain  by  this  formation.  At  Lloro,  well 
defined  strata  of  gravel  are  found  in  the  bed  rock,  these  are  con- 
formable to  its  general  bedding  and  mark  distinct  lines  extend- 
ing for  long  distances.  The  pebbles  are  rather  small  as  an  average ; 
they  are  of  slates,  quartzites,  porphyries,  trappean  rocks,  etc.,  and 
are  well  water  worn.  The  cementing  material  is  the  gray  sediment 
and  alluvium  of  the  general  formation.  I  examined  these  cemented 
beds  of  gravel  for  gold,  but  did  not  find  any. 

To  the  south  these  gravel  strata  appear  to  deepen  continuously^ 
At  Lloro  on  the  Atrato  River  they  are  a  few  inches  thick ;  on  the 
San  Juan  River  they  have  increased  to  several  feet  and  at  Buena- 
ventura the  finer  sediments  have  disappeared  almost  entirely  and 
all  the  cliffs  are  a  mass  of  cemented  gravel  somewhat  larger  but  in 
appearance  identical  with  the  narrow  strata  on  the  Atrato  River 
far  away  northward. 

This  might  be  taken  for  the  remains  of  an  ancient  drainage  sys- 
tem of  great  proportions  flowing  toward  the  north  ;  the  lines  of 
sediment  along  the  cliffs  indicating  heavier  material  deposited  back 
of  Buenaventura  gradually  diminishing  to  lighter  sediments  along 
the  Atrato,  and  finally  alluviums  along  the  same  river  further  north. 
Such  a  drainage  system  could  not  have  existed  unless  a  great 
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Stretch  of  land  had  formerly  extended  out  into  the  Pacific  Ocean. 
It  is  more  probable  that  these  gravel  cliffs  and  sediments  mark  a 
stage  somewhat  similar  to  the  terrace  formations  of  the  Atlantic 
States  but  probably  formed  at  an  earlier  period  and  indicating  the 
gradual  recession  of  the  waters  of  the  Pacific. 

At  Buenaventura  they  are  well  mixed  and  common  to  all  the  for- 
mation because  they  here  encountered  the  full  force  of  the  ocean ; 
'urther  to  the  north  they  were  partly  protected  by  embayments, 
and  strata  of  sediment  and  gravel  gradually  resulted.  Crossing 
the  Atrato  and  its  affluents  the  appearances  are  that  the  gulf  of 
Darien  had  formerly  extended  a  great  distance  up  what  is  now  the 
valley  of  the  Atrato.  Here  the  waters  were  more  quiet  and  finer 
sediments  and  narrowstrataof  pebbles  might  naturally  be  expected. 

The  material  is  a  volcanic  sediment  because  of  the  abundance  of 
volcanic  material  from  the  Andes  Mountains.  The  deposit  is 
evidently  very  deep.  At  one  place  I  took  aneroid  readings  that 
indicated  a  cliff  260  feet  high  all  of  the  same  sediment  and  of  uni- 
form appearance. 

The  San  Juan  River  flowing  south  and  the  Atrato  River  just  over 
a  low  divide  flowing  north  have  made  deep  excavations  since  the 
uplift  of  this  formation  and  the  exposed  strata  appear  to  be  con- 
tinuous from  one  to  the  other.  At  the  time  these  sediments  were 
deposited  there  was  probably  some  connection  between  them,  as 
indicated  by  sediments  at  points  on  the  divide,  but  on  each  side  of 
it  a  separate  deposit  was  formed  under  similar  conditions  and  to-day 
the  coincidence  of  different  rivers  eroding  in  one  north  and  south 
line  causes  a  marked  resemblance  to  an  ancient  drainage  sys- 
tem toward  the  north. 

It  is  quite  evident  from  the  general  outline  that  the  present  em- 
bayments  were  much  more  extensive  even  in  recent  times  and  this 
gives  the  clue  to  the  formation  of  the  different  strata  of  gravel  and 
fine  sediment. 

In  all  this  sedimentary  formation  there  is  nothing  to  indicate 
gold  and  how  it  came  to  find  a  place  in  this  district  is  a  difflcult 
question.  I  could  not  find  any  in  the  soft  bed  rock  nor  in  the 
cemented  gravels,  yet  it  is  abundant  in  all  the  rivers.  Overlying 
the  bed  rock  and  covering  an  extensive  district  there  is  a  shallow 
deposit  of  gold  bearing  gravel  more  angular  than  that  in  the  bed 
rock  strata.  This  gravel  is  mixed  with  clay  and  alluvium  and  con- 
tains the  remarkable  concentrations  that  have  been  noted. 
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Overlying  this  superficial  gravel  there  are  remnants  of  extensive 
clay  deposits  found  in  the  steep  eroded  ridges  at  some  places  and 
entirely  wanting  at  others.  Angular  gravel  is  found  in  this  clay^ 
pebbles  of  dark  colored  siliceous  slates  predominating,  and  at 
widely  separated  points  I  took  samples  of  gold,  though  not  enough 
to  indicate  profitable  placer  ground. 

I  found  gold  in  this  region  under  three  conditions :  (i)  in  all 
the  rivers  where  it  is  well  water  worn  ;  (2)  in  the  shallow  super- 
ficial gravels  overlying  the  bed  rock  where  it  is  rather  angular;  (3) 
in  the  clay  and  alluvium  lying  on  the  superficial  gravels  but  only 
in  very  limited  amounts.  The  gold  from  this  deposit  is  sharply 
angular.  Aneroid  readings  indicate  about  90  feet  of  this  clay. 
The  gravels  underlying  the  clay  indicate  that  it  is  sedimentary^ 
the  angular  gravels  inclosed  in  it  indicate  brief  periods  of  irregular 
sedimentation  during  which  gold  could  have  been  brought  down 
and  deposited  with  other  material. 

The  upper  stratification  of  this  region  is:  (i)  the  clay  deposits 
overlying ;  (2)  the  superficial  gravels,  and  (3)  a  deep  sedimentary 
deposit  of  alluvium  and  volcanic  material  with  gravel  strata,  all 
lightly  cemented  together.  In  the  valley  of  the  San  Juan  River 
there  is  a  group  of  small  peaks  composed  of  some  light-colored 
intrusive  rock,  rising  abruptly  from  low  alluvium  gravel  beds  and 
swamps  which  were  evidently  formed  around  them.  Some  of  the 
mountains  east  of  the  low  divide  also  rise  abruptly,  and  at  one 
point  apparently  reach  900  feet  elevation  anjl  are  capped  by  what 
appears  to  be  limestone. 

To  the  east,  as  one  approaches  the  Andes,  the  sedimentary  rock 
is  gradually  lost  among  intrusive  formations.  These  are  of  varied 
texture  and  appear  like  plagioclase  rocks,  melaphyres  and  syenites 
that  are  at  times  decomposed  to  such  an  extent  that  they  can  be 
dug  out  with  the  fingers,  yet  still  maintaining  the  appearance  of 
the  original  rock.  Near  these  intrusions  the  bed  rock  becomes 
tilted  and  appears  to  be  slightly  metamorphosed,  at  some  points 
indicating  intrusions  after  it  had  been  formed. 

So  far  as  I  could  ascertain,  these  intrusions  are  entirely  barren 
of  gold,  and  the  numerous  prospecting  parties  that  have  searched 
all  through  the  most  westerly  undulations  of  the  Andes,  have  been 
entirely  unsuccessful. 

Above  the  headwaters  of  the  San  Juan  River  there  is  a  great 
intr.isive  mass,  a  mountain  called  the  Tacamaca;  it  has  a  most 
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picturesque  outline  and  appears  almost  barren  of  vegetation.  It 
presents  only  rugged  rocks  rising  four  or  five  thousand  feet  above 
the  foothills.  It  has  never  been  explored  and  probably  never  can 
be.  There  are  strong  reasons  for  believing  that  similar  but  less 
important  intrusions  extend  irregularly  all  along  the  western  base 
of  the  Colombian  Andes  and  that  much  of  the  country  below 
them  was  elevated  at  their  intrusion.  These  outlying  mountains 
appear  to  be  barren  of  gold,  though  auriferous  gravels  are  found 
on  or  about  them  and  nuggets  have  been  taken  at  places  near  their 
summits,  and  these  must  have  been  deposited  before  the  ridges  on 
which  they  were  found  were  intruded. 

Tlie  periods  of  formation  in  this  region  are  rather  obscure,  the 
volcanic  sediments  with  alluvium  in  the  bed  rock  mark  the  ero- 
sions subsequent  to  a  long  period  of  volcanic  activity  in  the  Andes. 
The  overlying  gravels  mark  a  second  series  of  deposits,  indicating 
from  the  absence  of  volcanic  material  a  diflferent  and  less  extended 
place  of  origin.  The  presence  of  gold  in  this  gravel  suggests  that 
the  rich  deposits  of  the  Andes  had  been  formed  and  were  being 
eroded!  While  this  was  taking  place  seismic  action  and  resulting 
irregularities  of  surface  probably  occurred,  and  in  the  lower  eleva- 
tipns  or  in  places  of  subsidence  sedimentary  clays  and  some  gravel 
and  gold  could  have  collected.  Then  came  the  upheaval  of  the 
Tacamaca  and  other  intrusions  along  the  base  of  the  Andes  which 
have  cut  off  the  lowlands  from  the  gold-bearing  regions  of  the 
interior. . 

It  has  been  generally  reported  that  gold  is  brought  down  annu- 
ally from  the  Andes  Mountains  to  the  lowlands  of  western  Co- 
lombia* This  is  correct  in  some  instances  and  formerly  it  must 
have  been  the  case,  but  in  later  days  inti'usions  have  been  inter- 
posed between  the  gold  mines  of  the  interior  and  the  auriferous 
gravels  of  the  lowlands  to  the  west. 

To  illustrate  this  condition  I  have  in  mind  the  river  or  low 
gravels  of  California,  if  ridges  had  been  intruded  along  the  western 
base  of  the  Sierra  Nevada  Mountains ;  in  recent  times  the  aurifer- 
ous gravels  would  have  been  elevated  and,  though  the  intrusive 
ridges  would  probably  have  been  barren  of  gold,  auriferous  sands 
and  gravels  would  have  been  found  among  them,  perhaps,  near 
their  summits.  This  is  what  happened  below  the  Andes  in  Co- 
lombia and  prospecting  parties  looking  for  the  original  formations 
from  which  the  gold  in  the  lowlands  has  come,  would  do  well  to 
go  further  back  among  the  mountains. 
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The  gold  in  the  lowlands  has  been  concentrated  in  the  most 
convenient  places,  and  this  has  given  rise  to  some  erroneous  im- 
pressions as  to  the  richness  and  extent  of  auriferous  gravels  in  this, 
and  similarly  in  other  tropical  gold  deposits.  Rich  placers  worthy 
of  attention  are  to  be  found  in  many  parts  of  tropical  America, 
but  if  the  extravagant  reports  and  calculations  that  have  been 
made  as  to  the  probable  yield  were  correct,  gold  would  become  as 
abundant  and  unstable  in  value  as  silver.  The  reasons  why  gold 
is  concentrated  locally  are  excessive  floods  and  heavy  rains  which 
cause  secondary  local  movements  in  a  deposit  of  gravel  without 
particularly  changing  its  appearance.  A  flood  may  bring  down  an 
extensive  bar  of  gravel  carrying  gold.  The  rains  after  the  flood 
has  subsided,  are  sufliciently  heavy  to  cause  small  erosions  and 
sorting  of  material  quite  different  from  that  which  takes  place  under 
continuous  action  in  an  ordinary  river  and  resembles  somewhat  the 
action  of  the  waves  on  the  beach  sands  of  the  Pacific,  which  cause 
secondary  concentrations  of  gold.  Gravel  may  be  brought  down 
by  successive  floods  and  sorted  by  intermediate  rains  and  a  re- 
markably rich  zone  in  the  gravel  results  or  one  side  of  an  exten- 
sive gravel  bank  may  be  noticeably  productive. 

It  is  a  common  mistake  to  overlook  this  sorting  action  of  the 
intense  rainy  season  and  to  suppose  that  the  rich  spots  are  a  sam- 
ple of  what  might  reasonably  be  expected  to  continue  all  through 
the  gravel  deposit,  yet  the  zone  in  which  the  gold  is  found  may  be 
almost  barren  a  short  distance  further  on. 

I  do  not  state  that  there  is  any  less  gold  in  South  America,  but 
I  do  say  that  where  gravel  deposits  have  been  subjected  to  the 
heavy  rains  of  that  country  either  in  the  present  or  in  more  remote 
times,  the  gold  has  to  an  unusual  extent  been  concentrated  in  de- 
pressions or  along  zones  of  drainage  and  that  a  more  extended 
prospecting  is  required  before  a  reasonable  estimate  can  be  made 
as  to  the  value  of  such  deposits,  and,  further,  that  in  order  to  make 
prospecting  successful  the  drainage  zones  must  be  traced  out  and 
samples  taken  from  a  line  that  will  cut  across  such  zones  or  con- 
centrations and  extend  a  considerable  distance  either  side  of  them. 
This  argument  applies  also  to  the  rivers,  where  excessive  changes 
with  the  seasons  from  flood  and  torrent  to  quiet,  and,  at  times, 
almost  stagnant  water,  have  brought  the  gold  under  varying  condi- 
tions down  to  the  deeper  places.  Some  of  these  places  are 
fabulously   rich,  but  the  reports  claiming  that  whole  rivers  are 
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similarly  endowed  on  all  their  bars  and  gravel  beds  are  miscalcu- 
lations. The  gold  fields  of  tropical  America  are  attractive,  but  if 
nuggets  are  found  on  outlying  ridges,  it  would  be  well  before  spend- 
ing much  time  and  money  looking  for  the  veins,  to  examine  care- 
fully in  order  to  learn  if  such  ridges  had  not  been  intruded  after 
the  gold  had  been  deposited,  and  if  rich  placers  are  found,  it  would 
be  safe  to  prospect  them  carefully,  before  setting  up  expensive 
plants,  and  make  sure  that  such  apparently  enormous  deposits  of 
gold  are  not  secondary  concentrations  in  convenient  local  depres- 
sions or  along  zones  of  drainage,  because  the  well-known  tendency 
of  gold  to  form  concentrations  under  aqueous  influence  has  mani- 
fested itself  to  such  an  extent  and  under  such  varying  conditions 
in  tropical  America,  that  auriferous  gravels  in  that  part  of  the 
world  are  frequently  very  deceptive. 

I  have  spoken  of  a  low  divide  between  the  waters  of  the  Atrato 
River  flowing  north  and  those  of  the  San  Juan  River  flowing 
south.  Here  a  very  nearly  continuous  connection  between  the 
two  oceans  has  been  formed.  The  route  is  up  the  Atrato  River 
to  the  Quito  River,  up  the  Quito  River  to  the  divide,  where  in 
very  wet  weather  a  canoe  can  be  forced  across  a  series  of  swampy 
places,  without  unloading  it,  to  the  San  Pablo  River,  thence  down 
the  San  Pablo  to  the  San  Juan  and  out  to  the  Pacific. 

The  rocks  are  so  soft  in  this  district  that  the  divide  is  probably 
the  result  of  erosion  to  a  very  considerable  extent,  though  the 
general  outline  and  the  sedimentary  rocks  indicate  that  in  this 
district  the  continents  of  North  and  South  America  were  once 
separated. 

I  have  crossed  and  re-crossed  the  Isthmus  and  Central  America 
a  number  of  times,  but  have  never  found  sediments  at  any  other 
point  that  appeared  at  all  continuous.  As  to  the  period  in  which 
this  strait  was  filled  up,  I  should  say,  judging  from  the  deep  ero- 
sion and  the  intrusive  ridges,  that  it  was  in  early  Tertiary  times  and 
that  seismic  action  has  probably  caused  the  subsidences. 

The  problem  is  complicated,  but  this  much  can  be  stated : 
There  are  sedimentary  formations  beginning  below  the  Gulf  of 
^'  Darien,  which,  though  eroded  and  much  disturbed  at  places,  are, 

under  varying  conditions,  continuous  to  and  across  a  low  divide, 
which  separates  the  affluents  of  the  Atrato  flowing  north  to  the 
Gulf  of  Darien  from  those  of  the  San  Juan  River  flowing  south  to 
the  Pacific  Oce?.n. 
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AN   INTRODUCTION  TO  THE  STUDY  AND   EXPERI- 
MENTAL DETERMINATION  OF  THE  CHAR- 
ACTERS OF  CRYSTALS. 

By  ALFRED  J.  MOSES,  Ph.D. 
I.    THE  GEOMETRICAL  CHARACTERS. 

It  is  a  general  property  of  definite  chemical  substances  to  as- 
sume at  solidification  regular  forms  bounded  by  planes  and  obser- 
vation has  proved  that  the  forms  which  occur  are  related  to  each 
other  and  characteristic  of  the  substance. 

The  geometric  study  of  crystals  has  for  its  purpose  the  group- 
ing of  crystals  into  series,  each  of  which  shall  consist  of  the  forms 
in  which  one  substance  can  appear ;  the  determination  of  the  angles 
between  the  faces  of  crystals,  and  from  these  the  elements  and  sym- 
bols of  the  faceSp  or  conversely  the  determination  of  the  form  and 
angles  from  the  elements  and  the  face  symbols. 

The  term  crystal  originally  meant  the  angular .  forms  of  the  sub- 
stance called  rock  crystal,  Figs,  i  and  2,  which,  according  to 
Pliny,*  was  only  «*  water  frozen  by  the  most  excessive  cold  and 


Fig.  I. 


Fig.  2. 


found  only  in  places  where  snow  is  changed  into  ice."  The  an- 
gular shapes  of  this  substance  and  of  garnet.f  beryl  and  possibly 
diamond,  were  known  to  the  ancients,  but  were  regarded  as  acci- 
dents and  no  general  property  was  suspected. 


*  Quoted  by  Rom^  Deltsle,  Essai  de  Crystailographie  ( 1772),  p.  3. 

f  **  There  is  also  an  incombustible  stone  found  about  Miletum  which  is  of  an  angu- 
lar shape,  and  sometimes  regularly  hexangular ;  they  call  this  also  a  carbuncle."  The. 
ophrastus*s  History  of  Stones,    Trans,  by  Sir  John  Hill,  p.  77. 
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In  1568  Wentzel  Jamitzer  *  a  Nuremburg  goldsmith,  devel- 
oped in  perspective  over  one  hundred  and  forty  simple  and 
complex  shapes  from  the  geometric  tetrahedron,  octahedron, 
cube,  dodecahedron  and  icosahedron  by  replacing  all  similar  edges 
and  angles  by  one  or  more  planes,  and  the  famous  astronomer 
Kepler,  in  1619,  developed  a  similar  series  of  figures.  Many  of 
these  shapes  correspond  to  crystals,  and  the  method  of  modifica- 
tion may  have  suggested  to  Rome  Delisle  the  method  used  by 
him  more  than  a  century  later. 

The  development  of  chemistry  from  alchemy  was  accompanied 
by  the  study  of  many  salts,  the  solutions  of  which,  on  evaporation, 
yielded  regular  and  constant  shapes  which  were  suspected  to  be  to 
some  extent  at  least  characteristic  of  the  salt,  for  LiBAVius,f  in 
1597,  stated  that  the  nature  of  the  saline  components  of  a  mineral 
water  could  be  ascertained  by  an  examination  of  the  crystalline 
form  of  the  salts  left  on  the  evaporation  of  the  water. 

In  1669  Nicolas  Steno,:|:  a  Danish  anatomist,  announced  that  if 
different  specimens  of  xock  crystal  were  examined,  it  would  be 


Fig.  3. 

found  that  in  spite  of  the  variation  in  the  relative  size  of  the  faces 
and  in  the  shape  of^the  crystal  there  was  no  variation  in  the  angles 
between  the  faces.  This  he  illustrated  by  figures  of  sections  at  right- 
angles  to  prism  edge  and  others  of  sections  at  right  angles  to  an 
edge  between  a  prismatic  and  a  pyramidal  face,  as  shown  in  Fig.  3. 

•Perspcctiva  Corponim  Regularum,  Quoted  in  Marx's  Geschichte  der  Krystalkunde, 
fRosooe  &  Schorlemmer's  Treatise  on  Chemistry^  I.  705. 

{De  solido  intra  solidam  naturaliter  contento  dissertationis  prodromus.     Florentise, 
1669:  English  translation,  London,  1671. 
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A  statement   showing  a  very  considerable  advance  from  this 
was  made  by  DoMiNico  Gulielmini  in  1704,  who  asserted  that  . 
every  salt  had  its  peculiar  shape  which  never  changed  and  that 
even  in  imperfect  and  broken  crystals  the  angles  were  constant. 

ToRBERN  Bergman*  records  that  his  pupil  Gahn  having  broken 
a  piece  of  Dogtooth  Spar  observed  that  it  divided  into  little  rhom- 
bohedra.  In  studying  this,  Bergman  found  that  by  laying  togethei 
these  rhombohedra  in  certain  ways  he  could  build  up  either  a  hexa- 
gonal prism  terminated  by  this  form  or  the  common  scalenohedron 
of  calcite,  or  a  form  like  the  rhombic  dodecahedron,  all  of  which 
are  shown  in  Fig.  4. 

From  this  he  deduced  that  there  was  a  relation  be- 
tween outer  form  and  inner  structure  and  that  the  con- 
stituent parts  of  all  crystals  could  be  referred  to  a  very 
small  number  of  primitive  forms  which  could  be  found 
by  breaking  the  crystals. 

In  the  preparation  of  models  of  crystal  forms  RoM^ 
Delisle,  about  1783,  measuredf  the  interfacial  angles 
directly  with  an  application  goniometer  devised  by 
Carangeot  for  this  purpose.     He  described  over  four 
hundred  crystal  forms  and  formulated  the  now  univer- 
sally accepted  law  of  constancy  of  interfacial   angles 
•^°-  4-        as  follows  :J  "/«  spUe  of  the  numberless  vafiaiions  of 
which  Hie  primitive  form  of  a  salt  or  a  crystal  is  capable,  one  thing 
nevervaties,  but  is  always  constant  in  each  species,  namely :   The  angle 
of  incidence  or  the  respective  inclination  of  the  faces  to  each  other." 

The  law  of  symmetry  may  also  be  said  to  be  based  on  a  law  of 
Delisle.     "  Every  face  has  a  similar  face  parallel  to  it." 

Delisle  also  developed  Bergman's  idea  of  primitive  form  and  by 
a  method  similar  to  that  of  Jamitzer  derived  a  series  of  secondary 
forms  from  each  primitive  by  replacing  the  edges  or  angles  of  the 
primitive  form  by  single  planes  or  groups  of  planes  in  such  a  way 
that  equivalent  geometric  parts  were  similarly  treated.  He  re- 
ferred all  forms  to  six  classes  of  primitive  form :  TJu  regular  tet- 
*  Dt  Formis  Crystal  lor  u  ill  cited  in  von  Kobell's  Geschukti  der  Mimtralogit. — 
p.  8.. 

I  The  few  measurements  of  crystals  which  had  thus  far  beeti  made  were  measure- 
ments of  plane  angles  only,  which  varied  with  differences  in  development  so  that  ihe 
interfacial  angles  calculated  from  them  were  often  incorrect 

)  Criilallographie,  ou  description  der  formes  propres  ik  (ous  les  corps  du  r^gne 
mineral.     Pans,  17S3.    p.  70. 
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taftedotty  Fig.  5,  and  l/ie  cube,  Fig.  6,  which  permit  of  no  varieties, 
and  Ifte  rectangular  octafudron.  Figs.  7.  8,  9  ;  the  rkomboidal paral- 
lelopipedon  Figs.  10,  11,  12  ;  the  rkomboidal  octahedron  Figs.  1 3,  14, 
15,  and  the  dodecahedron  with  triangular  faces.  Fig.  16,  all  of  which 
were  susceptible  of  many  varietions  according  to  their  angles. 


As  an  example  of  the  method  of  derivation  there  could  be  de- 
rived from  the  cube,  Fig.  17,  Fig.  18  by  truncating  each  edge. 
Fig.  19  by  bevelling  each  edge,  Fig.  20  by  truncating  each  solid 
angle.  Fig.  21  by  replacing  each  solid  angle  by  three  planes,  each 
cutting  equal  lengths  from  two  edges  and  a  different  length  from 
the  third.  Fig.  22  by  replacing  each  solid  angle  by  six  planes,  each 
cutting  three  unequal  distances  on  the  three  edges,  and  many 
others.  Similarly  all  the  secondary  forms  of  any  compound  could 
be  derived  from  a  primitive  form,  and  thus  connecting  them  in  a 
definite  series.  Any  series  could,  however,  be  derived  from  almost 
any  member  of  the  series  in  the  manner  described  and  the  primi- 
tive forms  could  only  be  chosen  arbitrarily. 
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The  establishment  of  crystallography  upon  a  mathematical  basis 
is  chiefly  due  to  the  Abb^  HaCy,  who,  apparently  in  ignorance  of 
the  discoveries  of  Bergman,  had  his  attention  directed  to  the  inter- 
nal structure  of  crystals  by  the  accidental  dropping  of  a  six-sided 
prism  of  calcite  which  broke  into  rhombohedral  fragments.  He 
found  that  this  property  of  •*  cleavage  "  was  a  general  one  and  that* 
the  crystals  were  built  up  of  molecules  of  the  shape  of  the  cleavage 
forms.  Although  in  many  instances  no  cleavage  was  found  or 
cleavage  only  in  one  direction,  which  yielded  no  solid,  he  assumed 
that  such  solids  did  exist  in  all  crystals  and  were  the  true  primi- 
tive forms  upon  which  the  other  secondary  forms  depended  and 
that  the  shape  in  such  cases  could  be  determined  by  striations 
and  other  markings  on  the  faces  or  by  analogy  between  the  shapes 
of  the  secondary  forms  and  similar  forms  of  other  crystals  which 
did  show  cleavage.  . 

Like  Delisle  he  made  six  groups  of  primitive  forms,  of  which 
only  two  were  identical  with  those  of  Delisle  namely  the  tetrahe- 
dron. Fig.  5,  and  the  dodecahedron  with  triangular  faces,  Fig.  i6. 

The  forms,  i.  Paralleopipedon.  Including  cube;  right  prisms 
with  bases  square,  rectangular,  rhombic,  oblique ;  oblique  prisms 
with  bases  rhombic,  Fig.  28;  rectangular,  oblique;  rhombohedron 
obtuse ;  acute.  2.  Regular  Tetrahedron.  3.  Octahedron  with 
Triangular  Faces.  Including  the  regular  Octahedron  and  the 
octahedra  with  bases  rectangular,  square,  rhombic.  4.  Six-sided 
prism.  5.  Dodecahedron  with  rhombic  faces.  6.  Dodecahe- 
dron with  triangular  faces. 


*£s8aid'une  theorie  sur  la  strttclure  des  cristaux  1784.     Journal  dt  fky^ifrnt 
XLIII,  p.  X03. 

Also  in  Grcn's  Neues  Journal  der  Pkysik,  1795,  VII.,  p.  418. 
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The  existence  of  cleavages  other  ^an  those  producing  the  prim- 
itive form  led  Haiiy  to  assume  the  existence  of  still  simpler  shapes 
which  he  called  integrant  molecules.  These  he  limited  to  three 
kinds.  The  tetrahedron,  the  trigonal  prism  and  the  parallelopi- 
pcdon. 

With  crystals  of  any  substance  Haiiy  discovered  that  all  forms 
other  than  the  primitive  form  could  be  exactly  imitated  by  build- 
ing on  the  faces  of  the  primitive  form  successive  plates  or  layers 
of  iategrtnt  molecules  each  successive  layer  regularly  diminishing 
by  the  abstraction  of  one  or  more  rows,  cither  parallel  to  each 
edge,  or  to  the  diagonals  of  the  faces  of  the  primitive  form,  or 
parallel  to  some  intermediate  line.  A  rhombic  dodecahedron 
might,  for  instance,  be  found  to  cleave  with  equal  .ease  in  three 
directions  at  right  angles  to  each  other.  The  integrant  molecules 
would  then,  according  to  Haiiy,  be  cubes  and  the  kernel  or  prim- 


Fic.  23.  Fro.  34. 

itive  form  also  a  cube,  Fig.  23  ;  then,  as  perfect  cleavage  requires 
that  the  minute  integrant  molecules  be  so  piled  as  not  to  break 
joints,  the  structure  would  be  similar  to  that  shown  in  Fig.  24,  in 
which  the  successive  layers  piled  on  top  of  any  face  of  the  cubic 
primitive  form  regOlarly  diminish  one  row  at  a  time  on  each  edge. 
For  only  with  such  a  rate  of  decrction  can  the  pyramidal  planes 
sOI  and  tOI  unite  to  one  plane  sOIt  and  the  diedral  angle  between 
alternate  planes  be  ninety  degrees.  As  the  number  of  plates  added 
would  be  very  lai^e  and  the  little  cubic  molecules  too  small  to  be 
separately  visible  the  steps  would  appear  to  lie  in  the  planes. 

Another  example  may  be  given  to  show  that  this  method  of 
building  yields  forms  corresponding  to  actual  crystals.     Fig.  25 
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shows  a  form  observed  on  cobaltite,  in  which  the  diedral  angle 
at  the  edge,  ^^,  is  \2&^%'2'.  Assumingacubickernel.Fig.  26.  Fig. 
27  shows  the  structure  according  to  Haiiy,  in  which  the  decretions 


Fic.  J5.  F]G.  16.  Fig.  i-j. 

correspond  to  a  triangle  with  a  base  of  2  and  a  perpendicular  of  T, 
that  is,  the  angle  at  the  base  has  a  tangent  equal  to  0.5,  or  is  26° 
34'.  The  angle  aX.  pg  is  twice  the  complement  of  this  ;  that  is, 
126''  52'. 

The  dccretion*  was  symmetrical  that  is  it  was  repeated  on  all 
similar  parts  of  the  kernel  and  Haiiy'sexperiments  showed  that  the 
secondary  planes  usually  resulted  from  the  subtraction  of  one  or  of 
two  rows,  and  were  always  according  to  some  simple  rational  num- 
ber never  to  his  knowledge  exceeding  four.  This  is  essentially  the 
basis  of  the  law  of  rational  indices,  the  fundamental  law  of  crystal- 
lography. 

Prof.  Bernhardi,  of  Erfurt,  pointed  outf  that  the  primitive 
form  should  be  chosen,  not  as  with  Haiiy,  from  molecules 
of  nature,  but  according  to  convenience  and  fitness,  and  that 
the  paralellopipedon  was  not  a  satisfactory  form  for  calculation 
in  many  cases,  as  it  was  often  an  open  form  the  height  of  which 
could  only  be  determined  from  some  secondary  face,  and  he  recom- 
mended the  choice  of  closed  primitive  forms  only  and  suggested 
seven,  six  of  which  are  still  regarded  as  the  simplest  forms  in  the 
crj-stal  systems,  namely :  Cube,  Rlu>mbohedron,  Square  Octaliedron, 
Rliombic   Octa/iedron,   Rhomboidal  Octahedron,    Triple   RJtomboidal 

*  The  Uw  of  lymmclTy  was  sUted  by  Hauy  as  follows :  "  It  consUta  id  Ihis,  that 
any  one  metliod  oi  dccretion  is  repealed  on  all  those  part*  of  the  nucleus  of  which  the 
resemblance  is  such,  that  one  can  be  substitnted  for  the  other  by  changing  the  position 
of  this  nucleus  with  respect  to  the  eye,  without  it  (the  nucleus)  ceasing  to  be  pre- 
sented in  the  same  aspect."     MemotTi  lur  um  hi  de  CrislallisatioH,  iStj. 

\  Von  Kobeil'a  Gischiehli  dtr  Mintralogie,  p.  (97. 
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Octahedron,  being  the  seventh  form  was  a  rectangular  octahedron 
which  can  be  referred  to  the  rhombic  octahedron. 

Prof.  Weiss,  of  Berlin,  devised  a  purely  geometric  mode  of  treat- 
ment in  which  he  discarded  entirely  the  idea  of  primitive  form,  say- 
ying  *  "  that  Haiiy's  hypotheses  of  decreted  rows  entangled  the' 
problem  with  self-created  difficulties  "  and  that  the  "  mechanical- 
atomic  presentation  which  Haiiy  deduced  should  be  stripped  away 
so  that  the  acquired  knowledge  of  the  mathematical  relation  should 
be  more  clearly  seen."  Weiss  assumed  the  existence  of  certain  fun- 
damental lines  or  axes  passing  through  a  common  center  and 
made  four  groups:  ist,  with  three  equal  axes  at  right  angles  to 
each  other;  2d,  with  three  axes  at  right  angles  to  each  other,  of 
which  two  were  equal;  3d,  with  three  axes  at  right  angles,and  all  dif- 
ferent lengths ;  4th,  with  three  equal  axes  at  sixty  degrees  to  each 
other  in  one  plane  and  one  at  right  angles  to  these,  but  of  different 
length. 

He  deduced  all  the  primitive  forms  of  Haiiy  by  constructing 
planes  which  passed  :  First — Through  ends  of  three  lines.  Second 
— ^Through  ends  of  two  of  the  lines  and  parallel  to  a  third.  Third 
— ^Through  an  end  of  one  of  the  lines  and  parallel  to  two  of  them. 
By  taking  points  along  each  of  these  lines  at  twice,  three  times 
and  four  times,  etc.,  the  original  length,  and  constructing  planes 
in  the  same  way  as  before,  he  obtained  all  the  secondary  forms. 

The  lengths  of  the  semi-axes  of  the  primitive  forms  were  called 
a^  b  and  ^,  and  the  position  of  any  face  was  denoted  by  the  ratio 
of  the  intercepts  in  terms  of  ^,  b  and  c ;  thus,  2^ :  ^ :  3^  or  a :  3^ :  2r, 
and  so  on.  This  method  is  still  the  simplest  and  most  satisfactory 
if  only  an  elementary  knowledge  of  type  forms  is  desired,  but  is 
cumbersome  and  tedious  in  calculation. 

Hausmann  applied  spherical  trigonometry  to  crystallographic 
calculations  in  1803  and  BERNHARDif  in  1808  pointed  out  that  it 
would  be  better  to  determine  trigonometrically  the  relations  be- 
tween the  lines  from  a  common  point,  normal  to  each  face,  as  these 
were  the  directions  of  attraction  and  growth. 

Prof.  Mohs,  of  Freiberg,  groupedj  all  forms  in  four  Systems,  the 

*  Uebersichtlicbe  Darstellung  der  verschiedene  Abtheilung  der  Krystallisations- 
Systeme.     Detikschrift  der  Berliner  Akad,  der  fVissen.     1 8 14- 1 5.    p.  298. 

t  Gehlen^s  Journal,  1808,  2,  378. 

\  Treatise  on  Mineralogy,  or  the  Natural  History  of  the  Mineral  Kingdom.  (Haid- 
ii^r's  translation),  Edinburgh,  1825. 

VOL.  xvm. — 19 
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Cubic^  Pyramidal^  Rho?nbohedral  and  Pristnaiic^  each  consisting  of 
a  series  of  forms  geometrically  derived  from  a  "  fundamental  form  " 
by  modifying  planes  which  cut  distances  from  certain  lines  in  the 
^ ratio  of  whole  numbers.  The  fundamental  forms  were  the  simplest 
closed  forms  and  were  not  selected  from  cleavage  or  structure,  but 
purely  for  geometric  simplicity.  In  1822  he  proved  the  existence 
of  two  more  Systems,  the  Monoclinic  and  Trklinic,  the  forms  of 
which  had  previously  been  considered  as  partial  forms  of  the  other 
four  systems. 

F.  C.  Neumann  in  1823  proposed  a  graphic  method  in  wliich 
the  crystal  faces  were  indicated  by  the  points  in  which  radii  drawn 
normal  to  the  faces  met  the  surface  of  a  circumscribing  sphere. 

n  1825  Whewell*  showed  that  if  a  solid  angle  of  the  primitive 
form  was  taken  as  the  origin,  and  the  edges  as  cordinates,  with 
lengths  ;r,  y^  Zy  then  any  secondary  face  would  be  expressed  by  the 

X  y   z 
equation  -r*  -y  j  =  m,  in  which  m  was  not  dependent  upon  the  in- 
clination of  the  face,  and,  therefore,  the  quantities  -j  7-  j'  j-  [     or 

say  {p,  g,r}  could  represent  the  face.      These  are   essentially 

the  reciprocals  of  the  Weiss  intercepts,  and  are  the  indices  used  by 
Miller. 

By  far  the  most  important  advance  since  Haiiy  was  the  method 
developedf  by  Professor  W.  H.  Miller,  of  Cambridge  Univer- 
sity, in  which,  by  spherical  trigonometry,  a  series  of  simple  sym- 
metrical expressions  were  deduced  for  the  normal  angles  in  terms 
of  the  reciprocal  intercepts  of  Whewell,  and  the  positions  of  faces 
were  indicated  by  stereographic  projection  of  the  points  in  which 
radii  perpendicular  to  the  faces  meet  the  surface  of  the  sphere. 
The  method  is  still  the  best,  and  is  gradually  supplanting  all 
others  except  for  elementary  work. 

The  General  Geometric  Properties  of  Crystals. 

A  Plane  of  Symmetry  is  a  plane  through  the  centre  which 
divides  the  crystal  so  that  either  half  is  the  mirrored  reflection  of 
the  other,  and  every  line  perpendicular  to  the  plane  (and  within 

■  I  ^^— ^^  ■  ^       ■^^.^^■fc^ll  MM  ■■■■  1.-^  ■  ■!■■■■  ^         -_        I  '■ »—  I  ■  ■      M  -  ^  ^  1,1 

*  A  general  method  of  calculating  the  angles  made  by  any  planes  of  crystals.   Rev. 
W.  Whewell,  Transactions  Royal  Society,  1825,  CXV.,  87-180. 
f  A  treatise  on  Crystallography,   1839. 
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the  solid)  connects  corresponding  points  of  the  solid  and  is  bisected 
by  the  plane.  Every  plane  of  symmetry  is  necessarily  parallel  to 
a  possible  crystal  face,  for  if  two  faces  are  symmetrical  to  it,  it 
must  pass  through  their  edge,  that  is  to  be  in  the  same  zone.  So/ 
also,  with  a  second  pair  of  faces.  But  any  plane  lying  in  two 
known  zones  has  rational  indices  (p.  281)  and  is  a  possible  crystal 
face,  as  will  be  shown  later. 

One  phme  of  symmetry  may  occur  alone.  If  two  planes  occur 
they  must  be  at  right  angles,  and  they  make  necessary  a  third  at 
right  angles  to  both. 

An  Axis  of  Symmetry  is  a  line  through  the  centre  such  that  a 
revolution  of  180°  or  less  around  it  will  bring  a  face  into  coinci- 
dence wth  the  origiiial  position  of  an  equivalent  face. 

The  intersection  of  two  planes  of  symmetry  is  necessarily  an 
axis  of  ^mmetry.  Every  axis  of  symmetry  is  either  parallel  to 
an  edge  between  two  possible  faces  or  normal  to  a  possible  face. 
It  has  been  proved*  that  that  there  can  be  only  four  kinds  of  axes 
of  symmetry :  Binaty,  Ternary,  Quaternary  and  Senary  in  which 
equivalent  faces  become  coincident  by  revolutions  of  180°,  120°, 
90°  and  60°  respectively.  These  may  occur  alone  or  in  combi- 
nations or  with  planes  of  symmetry. 

There  may  be  distinguished  three  methods  by  which  equivalent 
planes  equally  distant  from  the  centre  may  be  made  to  coincide : 

1st.  By  reflection  in  a  plane  of  symmetry. 

2d.  By  rotation  around  an  axis  of  symmetry. 

3d.  By  composite  symmetry  or  simultaneous  rotation  around  an 
axis  and  reflection  in  a  plane. 

Composite  symmetry  can  occur  with  a  binary  axis,  and  plane 
perpendicular  thereto ;  it  is  impossible  with  a  ternary  axis,  and  with 
quarternary  or  senary  axes  is  equivalent  to  simple  symmetry  with 
binary  or  ternary  axes  respectively. 

Axes.  The  faces  of  crystals  are  defined  in  position  by  referring 
them  to  imaginary  lines  called  axes.f  The  selection  is  largely  ar- 
bitrary, but  with  the  object  of  securing  the  simplest  indices.  For 
this  purpose  they  must  be  lines  parallel  to  the  edges  between  pos- 
sible planes  and  lines  as  important  to  the  symmetry  as  possible. 
Generally  three  directions  are  selected  which  are  parallel  to  the  in- 
tersections of  three  occurring  or  possible  faces. 

•*Grotli*s  Physikaliscke  Krystallographie,  p.  313,  III.  edition. 
\  Equivalent  axes  are  necessarily  surrounded  by  the  same  number  of  faces  placed 
in  the  same  way. 
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Let  XX  YY  ZZ,  Fig.  28,  be  three  such 
axes  and  let  all  distances  be  measured  on 
these  lines  from  their  origin  or  common  in- 
tersection O,  distances  in  the  direction  OX, 
T  OY  or  OZ  being  regarded  as  positive  and 

those  in    the    directions  OX,  OV   or  OZ 
*  as  negative. 

Any  plane  as  A  B  C  would  be  determined 
_  in  space  by  its  intercepts  ,OA,  OB,  OC,  on 

'  these  axes,  or  in  angular  position  by  the 

ratios  of  these  intercepts,  and  as  in  crystals 
there  is  constancy  in  inclinations  of  planes  to  each  other  and  there- 
fore to  the  axes,  but  no  constancy  in  the  linear  dimensions,  some 
expression  for  the  relative  instead  of  the  absolute  values  of  the  in- 
tercepts is  used  as  a  symbol,  which  may  be  the  intercepts  expressed 
as  a  proportion  or  some  condensed  expression  derived  from  the 
ratios  of  the  intercepts. 

TJte  Fundamental  Law  or  Law  of  Rational  Indices. 
Experience  teaches  that  a  simple  relation  exists  between  the  in- 
tercepts of  different  planes  of  the  crystals  of  any  chemical  sub- 
stance, and  that  if  the  axial  intercepts  of  any  face  be  divided  by  the 
corresponding  intercepts  of  any  oOterface  tlu  quotients  will  be  only  sim' 
pie  rational  numbers. 

For  instance,  if  the  intercepts  of  some  face  ABC  are 
OA:  OB:OC  =a:i:c, 
then  these  values  divided  by  the  intercepts  of  any  other  face  H  K  L, 
will  yield  quotients 

a  b  c    _ 

OH  "OK-  0L~*-*'   • 

in  which  h,  k  and  /  are  simple  rational  numbers  such  as  ^  '  V '  '  •^'^' 
Parameters. 

Some  selected  plane  A  B  C  is  called  the  parametral  face  or  unit 
face,  and  the  values  a  b  c,  which  express  the  simplest  ratios  of  its 
intercepts,  are  called  the  parameters  of  the  crystal. 
Indices. 

It  is  always  possible  to  express  the  ratios  between  h,  k  and  /  by 
three   whole    numbers    because,  as   just  stated   they  are  simple 
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rational  numbers,  and  if  fractional  they  may  always  be  cleared  of 
fractions  without  changing  the  ratios,  for  evidently 

h\  k  X  /=  7nh  :  mk  :  nU 

The  simplest*  whole  numbers  which  express  the  ratios  of  A,  k 
and  /  are  called  the  indices  of  the  face,  and  are  always  written  in 
the  same  order,  the  first  referring  to  the  intercept  on  the  axis  X  JT, 
the  second  to  that  on  Y  Y,  the  third  to  that  on  Z  Z.  A  bar  over 
an  index,  as  k^  indicates  that  the  intercept  is  negative.  As  in- 
dicating a  face  they  should  be  written  {hkl\  though  frequently 
the  parenthesis  is  omitted ;  but  if  used  as  a  symbol  of  a  form  they 
should  be  written  \hkl\. 

Indices  and  intercepts  are  inversely  proportional,  for  from  the 
equation  (p.  276)  we  obtain : 

OH  =  J.OK  =  |,OL=i 

in  which  a^  b  and  c  are  constant  for  all  faces  of  a  crystal. 

If  a  face  is  parallel  to  an  axis  its  intercept  on  that  axis  is  infinite 

d 
and  its  index  is  zero;  for  example, if  -^  boo  ,  then  h^=^o  and  the 

symbol  is  (pkiy 

The  values  of  the  intercepts  OH,  OK,  OL,  become  the  para- 
metral values  only  when  A/fe/a=  iii.  For  with  these  values  only 
can  we  obtain : 

OYi=%=a,  OK=t=^.   OL  =  -,  =  ^. 
n  k  I 

Determination  of  the  Elements  of  a  Crystal. 

The  three  axial  planes  and  the  "  parametral  face  "  constitute  the 
ekmentary  planes.  These  are  chosen  to  yield  the  simplest  indices 
and  are  usually  planes  of  cleavage,  or  twinning  or  gliding  planes, 
and  are  preferably  planes  of  symmetry. 

In  the  most  general  case  there  are  five  undetermined  elements, 
namely : 

The  angles  between  the  axes,  Y  Z  or  a,  X  Z  or  /9,  X  Y  or  ;'. 
The  ratio  between  the  parameters  a,  d,c,  in  which  ^  =  i. 

*  Experience  shows  that  the  faces  which  most  frequently  occur  will,  with  proper 
selection  of  the  parametral  plane,  have  as  indices  o  or  i  or  rarely  2. 
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I^  DeUmunation  of  the  angles  bftweem  the  ojus. 

These  may  be  determined  most  simply  firom  the  measured  aagks 
between  the  axial  planes,  as  follows : 

Let  the  surface  of  a  sphere,  described  around 
O,  the  centre  of  the  crystal,  meet  the  axes  in 
X,  Y  and  Z,  Fig.  29. 

Construct  ABC  die  polar  triangle  of  X  Y  Z,. 
then  will  A  be  the  pole  of  the  axial  plane 
YOZ,  B  the  pole  of  XOZ,  and  C  the  pole 
of  XOY. 

The  sides  of  A  B  C  therefore  measure  the 
normal  angles  between  the  axial  planes,. 
Fto.3^  that  is  between  the  planes(oio),  (ioo\*ooi) 

and  these  angles  are  determined  by  measurement 

A  B  =  (ioo}— do}.  B  C=  (010)  — (cx>i),  A  C  =  (ioo}— ^ooiV 
The  angles  of  the  triangle  can  therefore  be  calculated  by  formula 


for  instance:  cosCAB  = 


cos  B  C  —  cos  A  B  cos  A  C 
sin  A  B  sin  A  C 


Since  ABC  and  X  Y  Z  are  polar  triangles 

«=YZ=i8o^  — CAB,  p=XZ=i8o^  — CBA, 

r=XY=i8o=  — ACR 

The  angles  between  the  axes  are  therefore  determined. 

Example.     In  Axinite  by  measurement  it  is  found  that 

AB  or(ioo— oiO;  =  4S^  21'    S"  whence  9.S2253    9.S73465 
BCor^oio— ooi)=97^5o'   S'       -       9.I5459    9*99593 
A  Cor  (100—001.=  93- 48' 56"       *       8.82311    9^999H 

/cos  CAB=9.ooi$i 
C  A  B=  82- 54' 15"  or  97-    5' 47  ' 
«=07-    ;:' 47' or  S2-  sV  iV 

Similarily  i  and  r  can  be  determined 


In  Fig.  29  let  KKL  be  any  plane  cutting:  the  three 
with  known  indices  .^S. 


and 
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The  spherical  triangle  rst  described  from  L  as  a  centre  can  be 
solved  because  its  angles  are 

/=(ioo — (010)  .js=  (100)  —  {hkl)  and  r=  (oio)  —  [hkl),  all  of 
which  may  be  measured. 

The  sides,  tr  and  ts^  may  be  calculated  by  formula,  for  instance : 

cos  J + cos  ^  cos  r. 

cos  /r= , — —-. 

sm  /  sm  r 

These  sides  measure  angles  in  the  plaoe  tri^ngl^s  H  O  L  and 
K  O  L,  respectively,  and  in  each  of  these  one  other  angle  has  al- 
ready been  determined.  The  triangles  may,  therefore,  be  solved 
for  the  relative  lengths  of  their  sides — ^that  is,  for  the  intercepts  of 
the  plane. 

For  instance,  in  K  O  L,  the  angle  at  L  is  measured  by  ts^  and 
the  angle  at  O  by  Y  Z  pr  a,  hence  the  angle  at  K  is  i8o° — (a+z^), 
and  the  sides  are  given  by  the  formuls^, 

O  L  :  O  K=sin  (i8o°  ^a—ts  )  :  sin  is 
Similarly, 

O  L  :  O  H=sin  (i8o°— ^9— /r )  :  sin  /r 

Example  : 

Given  /=ioo°  41',  ^=59°  IO^r=76°  33',  a=82°;?i',  ^5=73°  iT. 
Required  a,  b  and  c, 

cos  j+cos  t  cos  r^.5i25-f  .1854X.2335 
^^^  ^^  ^        sin  /  sin  r  ""      :982i5>r.9726~  ""    5^^^' 

^^-=54°  35'. 

cos  r+cos /cos  J     .2335  +  .i8S4X-5i25 

cos  /J  « ^—T' =  --   Q     .      o?d- — ^=  -3895 

sm/smj  .98215 X. 8587  ^  ^"^ 

In  triangle  K  O  L  O  L:  O  K=sin  (180°  —82°  21'  —67°  5'}; 
sin  67°  S',=sin  30°  34' :  sin  67°  5'=O.So8s  :  .9205==. 5525  :  i. 

In  triangle  H  O  L  O  L :  O  H=sin  (1800—73°  1 1'— 54°  3S0 : 
sin  54°35'=sin  52°  14':  sin  54°  3S'=o.7905  :  .8i50=:.sS2S  :  .5696 
Hence  O  H  :OK:  O  L=.5696:  i :  .5525=  a:  6:  c. 

Spherical  Projection. 

Imagine  a  sphere  described  around  the  centre  of  a  crystal 
with  any  radius  and  radii  drawn  normal  to  each  face. 
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The  point  in  which  the  radius  normal  to  any  crystal  face  meets 
the  surface  of  the  sphere,  is  called  the  pole  of  the  face,  and  is  de- 
noted by  the  symbol  of  the  face. 

Planes  which  intersect  in  parallel  edges  will  evidently  have  their 
normals  in  one  plane  and  their  poles  in  the  circle  which  it  cuts 
from  the  sphere  of  projection.  Such  a  series  of  planes  constitute 
a  Zone,  the  plane  of  the  normals  is  the  Zone  Plane,  the  circle  is 
the  Zone  Circle y  and  the  line  through  the  centre  parallel  to  the  face 
and  edges  of  the  zone  is  the  Zone  Axis. 

Fig.  30  represents  the  section  made 
by  a  zone  plane,  the  normals  to  the 
faces  A,  B,  C,  etc.,  meet  the  zone  circle 
in  the  poles  Aj,  Bj,  Q,  etc. 

The  same  radii  are  evidently  nor- 
.^  mal  to  the  crystal  faces  of  the  enclosed 
ideal  form  in  which  equivalent  faces 
are  equally  distant  from  the  centre. 
Hence  the  poles  on  the  surface  of  the 
sphere,  in  their  arrangement  will  reveal 
the  hidden  regularity  of  unequally  de- 
veloped crystals. 
Fig.  30  shows,  also,  that  the  arc  of  the  zone  circle  between 
any  two  poles  measures  the  normal  angles,  the  supplements  of  the 
angles,  between  the  corresponding  faces.  Different  intersecting 
zone  circles  give  spherical  triangles,  the  sides  of  which  are  normal 
angles,  which  can  be  solved  by  simple  formulae,  provided  certain 
parts  have  been  determined  by  measurement  or  previous  calcula- 
tion. 

A  number  of  simple  relations  between  the  faces  in  zones  have 
been  deduced  by  means  of  which  it  is  possible  to  greatly  reduce 
the  number  of  necessary  direct  measurements  and  to  simplify  the 
calculations. 

Symbol  for  a  Zone  Axis. 

The  direction  of  intersection*  of  two  crystal  faces  {Jikl)  and 
(A'  kf  P)  is  [uvw]  in  which  u  =  >t/'  —  W,  v  =  lk'  —  hi',  ^=hk!—kh!. 

These  values  may  be  obtained  by  cross  multiplication  of  the 
twice  written  indices,  striking  off  end  terms  and  reading  down 
alternately  from  left  to  right  and  from  right  to  left,  thus  : 


Fig.  30. 


*  Miller's  Treatue  on  Crystallography,  p.  7. 
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h 


k     I     h      k  \l 


XXX! 

k!    e     h'     k!  i  /' 


As  all  the  terms  are  whole  numbers  the  values  of  u,  v  and  w  will 
be  also.  A  zone  is  designated  by  this  symbol  [uvw]  or  by  the 
symbols  of  two  of  its  planes  \hkl^  P9^\  or  by  letters  designating 
the  faces  [P,  Q],  always  enclosing  with  the  parallel  bars. 

Equation  for  Zone  control  or  Condition  that  a  face  may 

belong  to  a  zone. 

If  a  face  {^pqr)  lies  in  a  zone  [uvw]  its  indices  must  satisfy*  the 
equation  /u  +  ^  +  vrr  =  o. 

If  two  indices  of  a  face  are  known,  and  the  zone  is  known,  the 
third  index  may  therefore  sometimes  be  found. 

Example,  By  test  with  a  reflection  goniometer  the  face  (3^1)  is 
found  to  be  in  the  zone  [m];  substituting  in  the  above  equation 
3Xi+^Xr+Txi  =  0  whence  3  —  k — i  =  o  and  ^r=  2. 

Face  in  two  zones. 

The  indices  of  a  facef  which  lies  in  the  zones  [uvw]  and  [uVw'] 
will  be  h  =  uv'  —  vu',  k  =  vw'  —  wv',  /=  wu'  —  uw'. 

These  values  may  be  obtained  by  cross  multiplication. 

Example, — By  test  a  face  {hkl)  is  found  to  lie  in  the  zones 
[210]  and  [01  2  ],  required  the  values  of  A,  k  and  /. 


2  I   I     o     2     I 
I     XX   X 
oil     201 


o 

A=2  —  O,  i^  =  0  +  4,  /=2  —  o, 
2 


that  is,  {h  kl)  —  (242)=  (121). 

To  Find  a  Fourth  Face  in  a  Zone.^ 

Let  A=z{efg)y  B  =  (A>&/)and  C  =(/^r)  be  known  faces 
of  a  zone,  the  poles  of  which  lie  in  the  order  named. 

To  find  the  position  of  any  fourth  face,  T>  ={7nno)/\{  its  in- 
dices are  known. 

^(cot  AC— cot  A  D)  =  ^^(cot  AB  — cot  AD). 


*  Ibid  p.  10. 
t  Ibid,  p.  8. 
XOxoih*%  Fkysikalische  Krystalhgraphie^lll,  ed.,  p.  584. 
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The  values  of  ^^-^  and  ^-=r  are  such  as  result  by  cross  muld- 

K^  \j  15  U 

plication  of  pgurs  of  correqwnding  indices : 

'  f  f  g 

X  X 

A  c  ^p_±  ^eq—fp  ■  „  q  ^  ^/''—sq  • 

CD       /    q      pm  —  qm'         q     r      qo  —  r« ' 

X  X 

tn  n  no 

'    g 
X 

or   tJ^=   '"—SP 
p    r       po — rm 

X 
m     o 

'  f  f  g 

X  X 

AB_>t     k_    ek—fli  ^        i     /  _  fi—gk 

'hD~  jr~i~  An— im' ""^  k~l~ko  —  ln' 

X  X 

tn   n  no 

'    g 
X 

k     I       el—gh 

or  — ^= ^— 

k     I       fio — itn 

X 

m   o 

Very  frequently  two  of  the  three  identical  ratios  are   indeter- 
minate. 


In  a  crystal  of  pyroxene,  given:  A=  («'4'0=  (ioo)»  B=  (AW) 
=  (ioi),  C=(/^  =  (ooi),D=(w//c>)=(3oi).,  AB  =  49°  39% 
A  C  =  73^  59'.     Required  A  D. 

By  trial  the  first  and  third  ratios  are  found  to  be  indeterminate, 
but  from  the  third  we  obtain 

AC_  I.  I  — o.  o I .  AB I.  I — o.  I I 

Cl->      O.I  — 1.3      3     BD       1,1  — 1,3      4 

substituting  in  the  equation 

I  I 

-  (cot  73-  59'  —  cot  A  D)  =  -  (cot  49-  39' — cot  A  D) 
3  4 

1.1504  —  4  cot  AD=  2.5487—3  cot  AD.   cot  AD=  1.3983 

AD=  144-  26' 
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Zone  of  two  Pinacoids. 

Every  face  in  the  zone  will  have  that  index  zero  which  is  zero 
in  both  pinacoids.  For  example  if  ^  face  lies  in  the  zone  of 
[100,  010]  its  third  index  must  be  zero  for  the  zone  symbol  is 
[001]  p.  280  and  A.  0  +  >fe.  O  +  /.  1  =  0  Cfic^  be  true  only  if  /=  o. 

Zone  thkouoh  one  Pi)fAcx)]p. 

The  ratio  of  the  two  indices  which  are  zero  for  the  pinacoid,  is 
constant  for  all  faces  of  the  zone.  For  example  the  symbol  of  the 
zone  [\oOfhkl'\  is  \olk'\.  Any  third  face  (/^r)  mu«t  satisfy  the 

equation  po  +  q  /—  r  ^=  o,  that  is  gl=.  r>6  or  -r ^=  - 

Zones  in  which  two  indices  are  constant. 

If  two  faces  hav^  two  corresponding  indices  in  each  with  the 
same  ratio,  all  faces  in  their  zone  will  have  those  two  indices  in 
that  ratio.  For  example,  the  symbol  of  the  zone  of  the  faces  (123) 
and  (245)  is  [210]  A  face  {hkl)  to  be  in  this  zone  must  satisfy 
the  equation  —  2  A  +  k  +  o  /=  o,  that  i9  2  A  =  ^. 

Changing  Axes.* 

If  three  edges  are  preferred  to  those  originally  selected  as  axes 
directions  proceed  as  follows  : 

From  the  original  indices  of  the  new  axial  planes  determine  the 
symbols  of  their  intersections  (that  is,  their  zone  symbols),  [uvw], 
[^i^iWj  [u,v,w,]. 

Then,  if  the  indices  of  any  face  referred  to  the  old  axes  is  {kil)y 
its  new  indices >(^,^^ and /j  will  have  the  following  values: 

Aj  =  Au  +  Av  +  Aw 
k^  ==  ku^  +  ^Vj  +  kw^ 

/j  ==    /Uj  +  /Vj  +   /Wg. 

Changing  Parameters. 

hkl  the  indices  of  a  face  referred  to  parameters  a,  ^,  c, 
KKK''        "       '*the  "  "        "  "  a^,b^,c^, 

_i  =  — ,  _i.  =  _- ,     >  =      then  if  this  face  is  chosen  as  the  parame- 
h^       h     k^        k      l^       I 

tralplayie  a.  =  -^,  b.-^  --,  ^.  =  _  and  any  other  face,  the  indices 

h  k  I 

♦  Miller  Treatise  on  Crystallography ^  p.  17. 
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of  which  were/fr,  will  receive  new  indices /^^^rj,  in  which 


A  = 


a 


Stereograph  ic  Projection. 

The  sphere  containing  the  poles  of  the  crystal  faces  is  most 
conveniently  represented  in  Stereographic  Projection. 

Some  important  plane  through  the  centre  of  the  sphere  is  se- 
lected as  a  plane  of  projection,  and  all  poles  of  the  sphere  are 
projected  in  this  plane  and  fall  within  the  limits  of  the  so-called 
"  Primitive  circle." 


X 


\    \»*  .  I  '"/    .  .'    • 


•='*•" 


P 

Fic.  31. 


For  instance,  let  Fig.  31  represent  the  upper  half  of  a  crystal  of 
cassiterite  within  a  sphere  of  projection.  The  crystal  faces  a,  d, 
g,  k,  m.,  etc.,  will  have  their  poles  in  the  points  A,  D,  G,  k^,  m^, 
etc.,  where  the  normal  radii  intersect  the  spherical  surface. 
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Let  the  equatorial  plane  be  the  plane  of  projection,  let  the  south 
pole  be  the  point  of  sight,  then  if  lines  are  drawn  from  the  south 
pole  to  the  various  poles  in  the  northern  hemisphere,  they  will  all 
pierce  the  equatorial  plane  at  points  A,  D,  G,  K,  M,  etc.,  in  the 
primitive  circle  which  are  the  projections  of  the  poles. 

Principal  Characteristics  of  Stereographic  Projection. 

1°  All  zone  circles  at  right  angles  to  the  primitive  circle  are 
projected  as  diameters,  all  others,  as  arcs  of  circles,*  cutting  the 
primitive  circle  in  the  extremities  of  a  diameter. 

2°  If  the  pole  (F.  Fig.  jj)  of  a  zone  circle  CPC^  is  united  with  the 
poles  of  two  faces  {P  and  Q)  of  the  zone  by  straight  lines ^  and  these 
prolonged  to  the  circumference,  t/iey  cut  from  it  an  arc  equal  to  the 
normal  angle  between  t/ie  tivo  faces. \ 

Free-hand  construction  in  many  instances  serves  to  give  a 
comprehensive  view  of  the  symmetry  and  relations  of  the  faces 
and  zones.  For  accurate  construction  a  few  rules  are  needed, 
which  are  based  upon  characteristics  i  and  2. 

Problem  i. 

Given  the  projection  of  a  zone  circle,  to  find  that  of  its  pole. % 

In  Fig.  32.  Given  C  P  Q  to  find  F. 
C  P  Q  intersects  the  primitive  circle  in 
the  diameter  C  Q.  Its  pole  must  lie  on 
that  circle  which  is  projected  as  the 
diameter  D  D^  normal  to  C  C^  and  at  90^ 
from  the  point  T  where  the  two  circles 
intersect.  Draw  CE  through  T,  lay  off 
EEi=  90°,  draw  EjC,  then  is  F  the  re- 
quired pole  because  it  is  a  point  on  D  Dj 
and  by  the  second  characteristic  it  lies  at 
Fig.  32.  a  quadrants  distance  from  T. 

Problem  2. 

Given  the  projection  of  the  pole  of  a  great  circle  to  draw  the  circle. 
In  Fig.  32  given  F  to  find  C  P  Q. 

Draw  a  diameter  D  Dj  through  F  and  another  C  Q  normal  to 
this.    Through  F  draw  CEj,  make  EEj  90°,  draw  EC,  then  are 

*  For  demonstratioii,  Stoiy-Maskelyne's  Crystallography,  p.  30. 

\  Ibid,  p.  33. 

%  Miller's  Treatise  on  Crystallography,  p.  133. 
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T,  C  and  Cj,  three  points  of  the  zone  desired.     Through  these  pass 
the  arc  of  a  circle. 

Problem  3. 

In  any' zone  given  the  angle  between  two  faces  and  the  projection  of 
one  of  them  to  find  that  of  the  other. 

In  Fig.  33,  given  the  zone  GPCi,  the  fiace  P,  and  the  angle  P  to 
Q^a.    To  find  Q, 


Fig.  33. 


Fig.  34. 


Find  F  the  pole  of  the  zone  C  PQ,  as  in  problem  i.  Draw  FE 
through  P,  make  EEj  equal  a,  and  draw  E^F.  Then  by  the  second 
characteristic,  Q  is  the  desired  projection. 

In  Fig  34,  is  represented  the  special  case  in  which  the  given 
zone  C  P  Qis  normal  to  the  primitive  circle.  In  this  case  the  pole 
of  the  zone  falls  at  D,  the  extremity  of  the  diameter  normal  to  C  Q. 

If  a=s=i8o°,  the  second  face  will  lie  outside  the  primitive  circle. 
The  construction  is  not  changed. 

Problem  4. 

Given  the  projections  of  two  faces 
in  a  zone  to  find  the  projection  pf  the 
zone  circle.'^ 

In  Fig.  35,  given  P  and  Q  to 
find  C  P  Q. 

Draw  a  diameter  through  P.  The 
face  Pi  opposite  P,  will  be  on  it. 

Draw  O  A  perpendicular  to  this 
diameter,  draw  P  A,  and  from  A,  a 
line  perpendicular  to  P  A.  The  intersection  of  this  perpendicular 
with  the  diameter  through  P,  will  be  P^ ;  the  projection  of  the  pole 
of  a  face  opposite  P,  that  is  180°  from  P,  in  the  same  zone. 

♦Miller's  Treatise  on  Crystallography^  p.  133. 
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The  arc  of  a  circle  through  the  three  points,  P,  Q  and  Pj,  will  be 
the  desired  circle. 

Examples.  Application  of  preceding  constructions  to  the  pro- 
jection (Fig.  36)  of  the  cassiterite  crystal  (Fig.  31). 


■  /^ 

1 

1 

L          \ 

/         1                        \ 

1*1  r 

/ 

f                                             ^^ 

\^                          F 

c^v      * 

cN. 

1   y 

X 

Fig.  36. 


The  poles  lying  in  the  primitive  circle  are  separated  by  arcs 
equal  to  the  true  normal  angles.  The  poles  of  all  other  faces  in 
this  instance  lie  in  zone  circles  normal  to  the  primitive  circle, 
therefore  projected  as  diameters.  The  true  position  of  any  one  of 
these  is  foimd  by  Problem  3.  For  example:  M — J  or  (no)  — 
(1 1 1)  =  46°  2f.    Lay  off  J  ;i:  =  46°  27',  draw  ;ir  I  to  the  pole   I 


Fig.  37. 


Fig.  38. 
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of  the  circle  J  H  cutting  the  latter  at  M,  the  required  projection. 
The  pole  R  is  in  the  zone  of  M  and  J,  and  being  an  equivalent  face 
O  R  =  O  M. 

Draw  zone  circles  through  CM  D,BMA,  CRD  and  BRA. 

The  poles  of  N  and  S  will  lie  at  the  intersections  as  shown. 
For  the  second  order  forms  K  lies  in  the  zone  [A  B]  and  in  the  zone 
[M  N],  hence  is  at  K.  Similarly  the  faces  ^,  /and/have  poles  E, 
L  and  F. 

A  crystal  of  barium  chlorate  shown  in  Fig.  37  yields  the  pro- 
jection Fig.  38.  The  plane  of  projection  is  taken  normal  to  the 
zone  [m,  a]. 

Given  w  —  a:  =  48°  53j4',w  —  y=  41051^'/ w — /=  56°  l^^ 
In  Fig.  37  lay  off  arcs  equal  48°  53^'  each  side  of  a  and  a!  de- 
termining /«,  fn\  m",  m" '.  Lay  off  an  angle  equal  41°  51^' and 
draw  a  line  (not  shown)  to  pole  of  the  zone  [a  ^],  intersecting  the 
latter  at  r.  By  trial  /  lies  in  the  zone  [w" '  r],  construct  this  zone 
circle,  find  its  pole,  F  by  Problem.  Lay  off  /«'  ^  =  56°  39',  draw 
s  F,  then,  by  Problem  3,/  is  the  desired  pole;  //  is  in  the  zone  [tn  rj 
symmetrical  to  p. 
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METALLURGY  FOR  1896. 
By  Joseph  Struthers,  Ph.D. 

The  following  list  of  note  references  is  composed  of  the  more  impor- 
tant articles  on  general  metallurgical  practice : 

Abbreviations  Employed. 

Amer.  =  American.  Mag.  =  Magazine. 

Can.  =  Canadian.  Manuf.  =  Manufacturer. 

Chem.  =  Chemical.  Mech.  =  Mechanical. 

Col.  =  Colliery.  Min.  =  Mining. 

Eng.  =  Engineering.  Sci.  =  Scientific. 

Frank.  =  Franklin.  Soc.  =  Society. 

Guard.  =  Guardian.  Trans.  =  Transactions. 
Journ.  =  Journal. 

Refractory  Materials. 

Red  plastic  Fire-Clay. — Chas.  Ferry. — Iron  Age^  January,  i6th,  '96. 
New  Jersey  Fire-Clays. — Chas.    Ferry.      (Criticism  of  the    "bung" 
method  of  testing.) — Iron  Age,  March  19th,  '96. 

Pyrometry. 

The  Le  Chatelier  Heraus  Thermo  Pyrometer. — Dr.  H.  Wedding 

Iron  and  Coal  Trades  Review,  September  nth,  '96. 

Fuels. 

Semet  Solvay  Retort  Coke  Ovens,  with  Recovery  of  By-products R. 

M.  Atwater.  (Comparison  with  beehive  oven  coke.) — Iron  Trade  Rev., 
January  30th,  '96. 

Recovery  of  By-products  and  Utilization  of  Waste  Gases  in  Coke 
Ovens.     (English  practice. ) — January  31st,  '96. 

Coking  in   Upper  Silesia M.    Gouvy. — Amer.  Manuf,   and  Iron 

Worldf  February  21st,  '96. 

Recovery  of  Ammonia  in  Coke  Manufacture.  ( From  Stahl  und  Eisen. ) 
— Iron  and  Coal  Trades  Rev,,  May  1st,  '96. 

The  Effect  of  Coke  Oven  Construction  on  Coke. — R.  M.  Atwater. 
(A  paper  read  before  the  Engineers'  Society  of  Western  Pennsylvania, 
setting  forth  the  advantages  of  the  Semet  Solvay.) — Iron  Irades  Rev,^ 
March  26th,  '96. 

The  Vast  Importance  of  the  Coke  Industry. — John  Fulton.  (Illustrated. 
Various  types  of  ovens  with  discussions.) — Eng,  Mag,,  May^  '96. 

Coke  Oven  Construction. — R.  M.  Atwater.  (Its  effect  on  coke  with 
special  reference  to  the  Semet  Solvay  ovens.) — Col,  Guard,  June,  '96. 

Mechanical  Coke  Drawer, — R.  A.  Cook.  (111.) — Trans.  Amer,  Inst. 
Min,  Engrs,,  July,  '96. 

The  Newton-Chambers  System  of  Saving  the  By-Products  of  Coke 
Manu&cture  in  Bee-Hive  Ovens. — Robert  A.  Cook. — Trans,  Amer.  Inst. 
Min.  Engrs. ^  July,  '96. 
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Retort  Coking. — ^J.  S.  Kennedy. — Tradesman^  August  15th,  '96. 
Coke  Making.  (Historical.) — Engineerings  London,  August  28th,  '96. 

Gas  Producers. 

New  Proposals  for  the  Utilization  of  Blast  Furnaces  and  Producer 
Gases. — Iron  and  Coal  Trades  Rev,-,  February,  '96. 

The  Efficiencies  of  Gas  Producers. — Chas.  F.  Jenkin.  (A  paper  read 
before  the  Institute  of  Civil  Engineers.) — Col,  Guard. y  March  27th  '96. 

Coal  Dust  Fuel  in  the  Brown  Coal  Briquette  Industry Dr.  Kosmann. 

(Translated  from  the  Berg  und  HuUenmdnnische  Zeit,) — CoL  Guard,  ^ 
April  2d,  '96. 

Blast  Heating. 

The  Ford  and  Moncur  Hot-Blast  Stove. — Benj.  J.  Hall,  (Paper  read 
before  the  Iron  and  Steel  Institute.) — Col,  Guard,,  lAdiy  8th,  '96. 

Ores  of  Iron. 

The  Roasting  of  Iron  Ores  with  the  View  to  Their  Maghetic  Concen- 
tration.— H.  Wedding Iron  and  Coal  Trades  Rev,,  September  4th,  '96. 

The  Action  of  Blast  Furnace  Gases  Upon  Various  Iron  Ores. — O.  O. 
Landig.  (Results  of  laboratory  experiments.) — Trans,  Amer,  Inst. 
Min.  Engrs,,  July,  '96. 

Pig-Iron. — Blast  Furnace  Practice. 

Charcoal  Furnaces,  Most  Modern.  (Illustrated.) — Iron  Trade  Review ^ 
January  2d,  '96. 

Early  Iron  Making  in  Chicago. — O.  W.  Potter.  (History  of  Mills  from 
1857  to  date.) — Iron  Age,  January  2d,  '96. 

Forty  Years  of  Progress  in  the  Pig-Iron  Industry. — ^John  Birkinbine. 
(Illustrated  description.) — Iron  Age,  January  2d,  '96. 

The  Smelting  of  Titaniferous  Ores. — A.  J.  Rossi.  (General  descrip- 
tion.)— Iron  Age,  February  6th,  '96. 

Note  on  Carbon  Bricks  in  the  Blast  Furnace. — R.  W.  Raymond. — 
Trans,  Amer,  Inst,  Min,  Eng,,  February,  '96. 

Dynamite  in  Blast  Furnace  Practice. — J.  S.  Kennedy. — Iron  Trade 
Review,  February  13th,  '96. 

Present  and  Prospective  Ore  Requirements  of  German  Blast  Furnaces. 
— E.  Schrodter.  (Paper  read  before  the  Verein  Deutscher  Hiittenleute.) 
— Iron  and  Coal  Trades  Rev,,  March  27th,  '96. 

Lighting  of  Blast  Furnaces. — F.  Bicheroux.  (Translated  from  La 
Revue  Univ.  des  Mines.) — Col.  Guard,,  April  2d,  '96. 

A  Blast  Furnace  Shaft  without  Brickwork. — F.  Biittgenbach.  (Trans- 
lated from  Oest.  Zeits.  f.  Berg  u.  Hiitten-wesen.) — Iron  and  Coal  Trades 
Rev,i  April  3d,  '96. 

Blast  Furnace  Heat  Balance  Sheet. — H.  H.  Stock.  (Translated  from 
French — Fabrication  de  la  Fonte.) — Eng,  and  Min,  Journ,,  April  nth, 
'96. 

The  Effects  of  Additions  of  Titaniferous  to  Phosphoric  Iron  Ores  in  the 
Blast  Furnace. — A.  J.  Rossi. — Trans,  Amer,  Inst,  Min.  Engrs,,  April, 
'96. 

Modern  Blast  Furnace  Practice  and  the  Pig-Iron  Manufacture  of  Dif- 
ferent Countries ^E.  Windsor  Richards.     (Presidential  address  before 

the  Institute  of  Mech.  Engs.) — Iron  and  Coal  Trades  Rev,  y  May  ist,  '96. 
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Furnace  Construction  and  Fine  Ores Guy  R.  Johnson. — Iron  Trades 

Rev,^  May  7  th,  *96. 

Blast  Furnaces,  Past  and  Present.  (Historical.) — Iron  and  Steel 
Trades /ourn.f  July  4th,  '96. 

American  Blast  Furnace  Practice. — John  L.  Stevenson Eng,  (Lon- 
don), July  loth,  '96. 

Iron  Making  in  Alabama. — VVm.  B.  Phillips.  (Extract  from  1896 
Report  of  the  Alabama  Geological  Survey.) — Amer,  Manuf,  and  Iron 
Worlds  August  14th,  '96. 

Alabama  Furnace  Burdens. — Wm.  B.  Phillips. — Iron  Trades  Rev,^ 
August  20th,  '96. 

Modern  Blast  Furnaces  and  Production  of  Iron  in  Various  Countries. 
CoL  Guard,  y  September  4th,  '96. 

Blast  Furnace  Scaffolds. — E.  Bernard. — Amer,  Manuf,  and  Iron 
World,  October  9th,  '96. 

Shall  We  Use  Calcined  Lime  in  the  Blast  Furnace? — O.  W.  Davis. 
{Discussion.) — Amer,  Manuf,  and  Iron  Worlds  October  9th,  '96. 

Pig  Iron  Properties. 

Practical  Value  of  the  various  Metalloids  in  Cast-Iron Malcolm  Mc- 
Dowell.— Iron  Age,  July  23d,  '96. 

On  the  Rate  of  Diffusion  of  Carbon  in  Iron. — Prof.  Roberts  Austen. 
(Abstract  of  paper  before  the  British  Iron  and  Steel  Institute.) — Iron 
^nd  Steel  Trades  Jour.  ^  May  i6th,  '96. 

The  Diffusion  of  Metals. — W.  C.  Roberts  Austen.  (Abstract  of  lec- 
ture before  the  Royal  Society.) — Nature,  May  21st,  '96. 

Physical  Tests  and  Chemistry  of  Cast-iron. — W.  J.  Keep.  (Paper  read 
at  the  first  National  Convention  of  Foundry  men.) — Iron  and  Coal 
Trades  Rev.f  May  14th,  '96. 

The  effect  of  Expansion  on  Shrinkage  and  Contraction  on  Iron  Castings. 
Thos.  D.  West. — Trans,  Amer,  Inst,  Mtn,  Engrs.,  April,  '96. 

The  Mobility  of  Molecules  in  Cast  Iron. — A.  E.  Outerbridge,  Jr. — 
Trans,  Amer,  Inst,  Min,  Engrs,,  April,  '96. 

Analyses  of  Pig  Irons  used  for  Different  Purposes.  (Discussion,  com- 
position and  uses  of  fire  foundry  irons.) — Eng,  Neivs,  March  26th,  '96. 

Investigations  on  the  Influence  of  Low  Temperature  on  Iron  and  Steel. 
— M.  Rudeloff.  (Results  of  tests  at  the  Imperial  Navy  yard  at  Wilhehn- 
shafen.) — Mech,  World,  London^  March  20th,  '96, 

Foundry  Practice. 

Foundry  Practice  at  Home  and  Abroad.  (Modern  practice.) — Iron 
4xnd  Coal  Trades  Rev,,  January  31st,  '96. 

Coke  for  the  Foundry. — Thos.  D.  West.  (Illustrated  by  sections  of 
coke  ovens.) — Iron  Trades  Rev.,  February  13th,  '96. 

Cupolas  and  Cupalo  Practice  up  to  Date. — Ed.  Kirk. — Iron  Trades 
Rev,,  May  28th,  '96. 

The  Action  of  Blast  in  Cupolas. — Thos.  D.  West. — Engineering, 
July  31st,  '96. 

Malleable  Iron. 

The  Direct  Puddling  of  Iron Emile  Bonehill.— /r(;«  and  Steel  Trades 

Jour,,  February  29th,  '96. 
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How  to  Distinguish  Between  the  Different  Kinds  of  Iron  and  Steel. 
(Etch  tests.) — Amer,  Manuf.  and  Iron  Worlds  February  7th,  '96. 

Micrographic  Analysis  of  Metals. — J.  O.  Arnold. — Iron  and  Coat 
Trades  Rev,,  February,  '96. 

Manufacture  of  Wrought  Iron. — Iron  and  Coal  Trades  Rev.,  April 
17th  and  May  ist,  '96. 

The  Production  of  Metallic  Bars  of  Any  Section  by  Extension  at  High 
Temperatures. — Perry  F.  Nursey. — Eng,,  London,  May  8th,  '96. 

The  Chemical  Composition  and  the  Strength  of  Malleable  Iron. — A. 
Lederber.  (From  Stahl  und  Eisen.) — Iron  and  Coal  Trades  Rev,y 
May  15th,  '96. 

The  Conditions  Which  Cause  Wrought  Iron  to  be  Fibrous  and  Steel 
too  low  in  Carbon  to  be  Crystalline. — W.  F.  Durfee.— ^/^wr.  Franklin 
Inst.y  August,  '96. 

Forge  and  Mill  Work. 

Development  of  American  Wire  Rod  Rolling. — ^Wm.  Garret. — Iron 
Agey  January  2d,  '96. 
English  and  American  Rolling  Mills. — Engineering,  May  15th,  '96. 

The  Iron  and  Steel  Industries. 

The  Canadian  Pig  Iron  Industry. — George  E.  Drummond.  (General 
descriptive.) — Can,  Eng,,  February,  '96. 

The  Iron  and  Steel  Industries  of  South  Russia.  (Description  of  the 
Krivoi  Rog  Iron  Works.)— /r^«  and  Steel  Trades  Jour.,  February  2  2d, 
'96. 

The  Direct  Production  of  Ir6n  and  Steel. — Carl  Otto.  (Translated 
from  Stahl  und  Eisen.) — Amer,  Manuf.  andiron  World,  March  20th,  '96. 

The  Manufacture  of  Naval  Forgings.  (American  practice  with  ex- 
amples of  the  Bethlehem  Iron  Co.). — Iron  and  Coal  Trades  Rev,, 
March  27th,  '96. 

The  Iron  and  Steel  Industries  of  South  Russia.     (111.  description  of 
Alexandrowsky  Iron  and  Steel  Works.)     Iron  and  Steel  Trades  Jour., 
April  4th,  '96. 

The  Government  Iron  and  Steel  Works  at  Han-Yan,  China. — G. 
Toppe. — Amer.  Manuf.  and  Iron  World,  April  loth,  '96. 

Production  of  Open  Hearth  Steel  in  the  United  States.  (Statistical 
summary.) — Iron  Age,  April  i6th,  '96. 

The  Iron  Industries  of  Birmingham  and  Bessemer. — Jeremiah  Head. — 
Iron  and  Coal  Trades  Rev.,  May  15th,  '96. 

Mond  Producer  Gas  Applied  to  the  Manufacture  of  Steel. — ^John  H. 
Darby.     Mining  Journal,  May  i6th,  *96. 

The  Iron  Industry  of  Southern  Russia. — M.  Trasenter.  (From  Revue 
Universelle  des  Mines.) — Iron  Age,  July  i6th,  '96. 

Steel  Making  at  Birmingham. — P.  C.  Shook — Iron  Trades  Rev.y 
July  i6th,  '96. 

Open-Hearth  Steel. 

The  Nashua  Open-Hearth  Furnace  of  1867.— S.  T.  Wellman.  (Illus- 
trated by  sections  showing  construction.) — Iron  Age,  January  2d,  '96. 

The  Troy  Basic  Bessemer  Steel  Plant.  (Illustrated  description.) — 
Iron  Age,  January  i6th,  '96. 
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Recent  Progress  in  Open-Hearth  Steel  Making. — Bernard  Dawson. — 
Iron  and  Coal  Trades  Rev,.,  January  31st,  '96. 

Open-Hearth  Practice  in  Germany.  (Special  regenerator  construction 
for  even  distribution  of  gas  current.) — Iron  Trades  Rev.,  February  6th, 
'96. 

Loss  in  the  Thomas  Process.  (Abstract  from  Stahl  und  Eisen,  quotes 
total  loss  from  13  to  17  ^.) — Amer,  Manuf.  and  Iron  World,  February 
14th,  '96. 

The  Chemistry  of  the  Siemens  furnace. — A.  M.  Dick  and  C.  S.  Padley. 
Col,  Guard.,  February  T4th,  '96. 

The  Development  of  Open-Hearth  Steel.  (Quotes  the  construction 
since  1894  of  62  furnaces,  from  5  to  50  tons  capacity.)  Iron  Age, 
March  12th,  '96. 

Basic  Open-Hearth  Process  at  Grant  City,  111.  (111.) — Iron  Age, 
April  1 6th,  '96. 

The  Open-Hearth  Steel  Industry  of  the  United  Kingdom  in  1895. 
(Statistics.) — Iron  and  Coal  Trades  Rev,,  June  12th,  96*. 

The  Wellman  Charging  Machine.     (111.) — Iron  Age,  August  27th,  '96. 

The  Bertrand-Thiel  Open-Hearth  Process. — ^Jos.  Hartshorn. — Trans, 
Amer,  Inst.  Min,  Engrs.,  September,  '96. 

Varying  Costs  of  Open-Hearth  Steel. — H.  H.  Campbell. — Iron 
Trades  Rev.,,  October  8th,  '96. 

The  New  Basic  Steel  Manufacturing  Process.  Iron  and  Coal  Trades 
Rev,,  October  9tl),  96. 

Bessemer  Steel. 

Regulating  the  After-blow  in  the  Basic  Process. — Iron  and  Coal  Trades 
Rev,,  January  31st,  '96. 

The  Latest  in  **Baby  Bessemer"  Practice. — H.  L.  Hollis.  (Synopsis 
of  paper  entitled  "Notes  on  the  Walrand-Legenisel  process  for  steel  cast- 
ings.")— Iron  Trade  Rev.,  February  27th,  '96. 

Notes  on  the  Walrand-Legenisel  Steel  Casting  Process. — H.  L.  Hollis. 
— Trans,  Amer,  Inst.  Min,  Engrs.,  July;  Col.  Guard.,  August  7th,  '96. 

The  Walrand-Legenisel  Process. — H.  L.  Hollis.  (The  addition  of 
ferro-silicon  after  the  drop  of  flame  in  the  converter  to  prevent  formation 
of  blow-holes. ) — Iron  Age,  March  5th,  '96. 

The  Works  of  Boel  Brothers,  La  Louviere,  Belgium.  (Illustrated, 
sp)ecial  feature  of  Bessemer  practice  not  common  in  America.) — Iron  and 
Coal  Trades  Rev,,  March  6th,  '96. 

The  Invention  of  the  Bessemer  Process.  (A  letter  from  Sir  Henry 
Bessemer,  refuting  claims  of  Mr.  Kelly.) — Iron  and  Steel  Trades  Journ., 
March  21 ;  Eng.,  March  27th,  '96. 

The  Bessemer  Steel  Industry  of  the  United  Kingdom  in  1895. 
(Statistics.) — Iron- and  Coal  Trades  Rev.,  June  12th,  '96. 

Steel.     Properties. 

Steel  Rails  in  the  United  States. — Robt.  W.  Hunt.  (Early  history  of 
Bessemer  practice.) — Iron  Age,  January  2d,  '96. 

Structural  Steel. — ^James  Christie.  (Popular  article.  )—y^«r«.  Frank, 
Inst,,  January,  '96. 

Bessemer  on  Nickel  Steel.     (Notes.) — Iron  Age,  February  27th,  '96. 

The  Causes  of  Mysterious  Fractures  in  the  Steel  Used  by  Marine  En- 
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gineers. — A.  E.  Seaton.     (A  paper  read  before  the  Institute  of  Naval 
Engineers.) — Iron  and  Steel  Trades  Journ,,  March  28th,  '96. 

Sulphur  in  Mild  Steel F.  E.  Thompson. — Iron  Age,  April  2d,  '96. 

Commercial  Tempering. — H.  K.  Landis.  (Treatment  of  steel  in  large 
masses.) — Iron  Age,  April  30th,  '96. 

Nickel  Steel Wm.  Beardmore. — Industries  and  Iron,  May  ist,  '96. 

Comparative  Tests  of  Nickel  Iron  Alloys. — David  H.  firowne. — Eng, 
and  Min.  Jour,,  May  i6th,  '96. 

Note  on  Mr.  Howe's  Researches  on  the  Hardening  of  Steel. — F;  Os- 
mond.— Iron  and  Steel  Trades  Jour,,  May  i6th,  '96. 

Krupp's  Oxidation  Experiments  with  Iron  and  Steel  Plates. — H.  Otto. 
(Results  of  1 2  years'  experiments  on  annealed  and  unannealed  irons  and 
steels.) — Iron  and  Coat  Trades  Rev.,  August  14th,  '96. 

Vanadium  Steel Otto  Vogel.      (From  Stahl  und  Eisen.) — Iron  and 

Coal  Trades  Rev.,  August  21st,  '96. 

Basic  Steel  Rails. — Eng.  News,  August  27th,  '96. 

The  Micro  Structure  of  Steel  and  the  Current  Theories  of  Hardening. — 
Albert  Sauveur. — Trans,  Amer.  Inst,  Min,  Engrs,,  September,  '96. 

Lead. 

The  Lead  Industry  of  the  United  States. — E.  A.  Caswell.  (General 
review.) — Iron  Age,  January  2d,  '96. 

Methods  for  the  Collection  of  Metallurgic  Dust,  and  Fume. — M.  W. 
lies. — ScH.  OF  Mines  Quar.,  January,  '96. 

Special  Device  for  the  Elevation  of  Slag. — Eng,  and  Min,  Jour.,  Janu- 
ary 18th,  '96. 

Note  on  the  Handling  of  Slags  and  Mattes  at  Smelting  Works  in  the 
Western  United  States. — Wm.  Braden.  (Illustrated  descriptive.) — 
Trans,  Amer,  Inst,  Min.  Engrs.,  February,  '96. 

A  modern  Silver-Lead  Smelting  Plant. — L.  S.  Austin. — Trans,  Amer. 
Inst.- Min,  Engrs.,  September,  '96. 

Copper. 

The  Copper  Industry  of  the  United  States.— James  Douglas.  (Early 
history  and  subsequent  development.) — Iron  Age,  January  2d,  '96. 

Cost  of  Copper  Production.  (Editorial.) — Eng.  and  Min.  Jour.y 
January  nth,  '96. 

Matte  Smelting. — W.  L.  Austin. — Min.  and  Sci,  Press,  March  28th^ 
'96. 

Bessemerizing  Nickel  Matte. — H.  W.  Edwards. — Eng,  and  Min,  Jour., 
May  2d,  '96. 

Matte  Smelting  in  California. — Herbert  Lang.  (Description  of  Kes- 
wick Works,  California.) — Eng.  and  Min.  Jour.,  July  25th,  '96. 

Anaconda  Electrolytic  Copper  Refinery.  (111.) — Eng.  and  Min.  Jour. 
September  19th,  '96. 

A  Hot  Blast  System  for  Copper  Matting  and  Silver  Lead  Furnace. — 
J.  W.  Nesmith. — Min,  and  Sci,  Press,  October  17th,  '96. 

Silver. 

The  Effect  of  Washing  with  Water  upon  the  Silver  Chloride  on  Roasted 
Ore.  (Discussion  by  L.  D.  Godshall  on  paper  of  W.  S.  Morse.) — Trans. 
Amer.  Inst,  Min.  Engrs,,  February,  '96. 
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The  Lixiviation  of  Silver  Ores. — John  H.  Clemes.  (A  paper  read 
before  the  Institute  of  Civil  Engineers.) — Industries  and  Iron,  March 
20th,  '96. 

The  Volatilization  of  Silver  in  Chloridizing  Roasting. — L.  D.  God- 
shall. —  Trans,  Amer.  Inst,  Min,  Engrs,,  April,  '96;  Eng.  and  Afin. 
Journ,y  May  i6th,  '96. 

The  Sulphuric  Acid  Process  of  Treating  Lixiviation  Sulphides. — Fred. 
P.  Dewey.  (The  Dewey- Walters  Process.) — Trans,  Amer,  Inst.  Min, 
Engrs,y  July,  '96. 

The  Gates  Canvas  Plant. — W.  S.  Hutchinson.  (Description  of  Ken- 
nedy Plant,  California;  applicable  to  any  mill  tails.) — Min,  and  Sci, 
Press y  October  ist,  '96. 

Gold. 

Notes  on  the  Treatment  of  Tailings  by  the  Cyanide  Process  at  the 
Standard  Consolidated  Mines  at  Bodie,  California. — T.  H.  Leggett. — 
Eng,  and  Min,  Jour n,,  January  4th,  *96. 

Ore  Treatment,  Cyanide  and  Chlorination. — W.  P.  Harvey. — Min, 
and  Sci,  Press,  January  nth,  *96. 

The  Amalgamation  of  Rich  Free  Gold  Ores. — F.  Hille Eng,  and 

Min,  Journ.y  February  7th,  '96. 

The  Accumulation  of  Amalgam  on  Copper  Plates. — R.  T.  Bayliss. — 
Trans,  Amer,  Inst.  Min,  Engrs,,  February,  '96. 

The  Accumulation  of  Amalgam  in  Copper  Plates.  (Discussion  of 
paper  by  R.  L.  Baylis,  presented  at  the  Pittsburg  meeting,  February, 
1896.) — Trans,  Amer,  Inst,  Min,  Engrs.,  July,  '96. 

Notes  on  the  Hydro-Metallurgy  of  Gold  and  Silver. — W.  G.  Waring. 
— Eng,  and  Min,  Jour n.y  May  9th,  '96. 

The  Cassel-Hinman  Gold  and  Bromine  Process. — P.  C.  Mcllhiney. — 
Journ,  Amer,  Chem,  Soc,  May,  '96. 

The  Cyanide  Process  at  the  Mercur  Mine. — B.  E.  Janes. — Min,  and 
Sci,  Press y  May  23d,  '96. 

Recent  Improvements  in  Gold  Milling. — H.  M.  Chace. — Eng.  Mag,, 
June,  '96.  ^ 

Are  the  Cyanide  Patents  Invalid? — J.  S.  C.  Wells. — Eng,  Mag,, 
August,  '96. 

The  Engelhardt  Bromine  Gold  Extraction  Process  in  Operation. — 
D.  C.  Pret  and  H.  Taschler. — Eng.  and  Min,  Journ.,  September  26th, 
'96. 

Laboratory  Tests  in  Connection  with  the  Extraction  of  Gold  from  Ores 
by  the  Cyanide  Process. — H.  Van  F.  Furman. — Trans,  Amer,  Inst, 
Min.  Engrs.,  September,  '96. 

The  Cyanide  Process  in  the  United  States. — Geo.  A.  Packard. — 
Trans,  Amer,  Inst.  Min.  Engrs.,  September,  '96. 

The  Cyanide  Process  at  the  Utica  Mine. — Thos.  N.  Smith. — Min,  and 
Sci.  Press,  October  1st,  '96. 

Metallurgy  of  Gold. — H.  V.  Furman. — Co/.  Eng.,  October,  '96. 

improvements  in  Gold  Extraction. — H.  Livingston  Sulman.  (Cyanide 
process  and  leaching  slimes.)  Inst,  of  Mining  and  Met.,  London,  Vol. 
Ill,  part  2,  '96. 

Some  Experiments  with  Brom-Cyan. — H.  C.  Cutter. — Engineer's 
Year  Book,  Minn.  Univ,  '96. 
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Aluminum. 

Notes  on  the  electro-crucible  fusion  of  Steel  and  Iron.     B.  H.  Thwaite. 

Iron  and  Coal  Trades  Rev.,  January  31st,  '96. 

The  Manufacture  of  Aluminum  by  Electrolysis  -and  the  Plant  at  Nia- 
gara for  its  extraction A.  E.  Hunt.     (Description  of  paper  read  before 

the  Institute  of  Civil  Engineers.)     Col.  Guard. ,  February  I4tb,  '96. 

The  Aluminum  Industry. — Orrin  E.  Dunlop Min.  and  Set.  Fress^ 

February  15th,  '96. 

The  History  of  Electric  Heating  Applied  to  Metallurgy. — F.  P.  Dewey. 
— -/our.  Amer,  Chem.  Soe.,  March,  also  £/ee.  Rev.,  March  25th,  '96. 

The  British  Aluminum  Works  at  Payers.  (111.  descriptive.) — £/ee. 
Engr.  Lond.f  April  24th,  *96. 

Electro-Metallurgy  of  Aluminum. — Jos.  W.  Richards.  (l\\.)—Jour. 
Franklin  Inst.,  May,  '96. 

Mercury  and  Tin. 

Treatment  of  Quicksand  Ores  in  the  Asturias,  Spain. — Eng.  and  Min- 
Jour.,  August  15th,  '96. 

Tin  Smelting  at  Pulo  Brani,  Singapore. — ^Jno.  McKillop  and  T.  Flower 
Ellis.  (A  paper  read  before  the  Institute  of  Civil  Engineers.) — Indus, 
tries  and  Iron,  March  20th,  '96. 


BOOK  REVIEWS. 

The  Mechanical  Engineering  of  Fower  Flants.  By  Frederick  Remsen 
Hutton,  E.  M.,  Ph.  D.,  Professor  of  Mechanical  Engineering  in 
the  School  of  Engineering  of  Columbia  University.  New  York, 
John  Wiley  &  Sons.  London,  Chapman  &  Hall,  Limited.  1897. 
Price,  I5.00. 

Profesor  Hutton  has  given  us  a  book  upon  lines  which,  while  by  no 
means  new  to  those  who  have  had  the  opportunity  of  meeting  the  prac- 
tical conditions  of  power  plants  in  actual  operation,  are  until  now  un- 
treated in  technical  literature.  The  orthodox  text-book  treats  of  the 
dynamical  side  of  engineering  as  if  that  were  the  only  one  in  existence, 
leaving  the  student  to  find  out  by  experience  that  there  were  more  things 
in  heaven  and  earth  than  were  dreamed  of  in  his  limited  philosophy, 
while  here  we  have  clearly  discussed  at  least  some  of  the  things  which 
the  other  books  carefully  leave  out.  Usually  students  are  taught  how 
things  are  made,  but  not  how  they  are  used,  how  they  are  tested  and  ex- 
amined, but  not  how  they  are  run.  The  author  of  this  book  tells  us  that 
it  is  his  wish  to  place  all  students  of  engineering  in  the  same  position  as 
those  who  are  fortunate  to  have  had  previous  experience  in  the  shop  or 
power-house,  and  so  far  as  this  can  be  done  by  a  book  the  present  vol- 
ume accomplishes  that  most  desirable  result.  While  there  are  many 
things  which  can  only  be  learned  in  the  hard  school  of  practical  experi- 
ence, every  work  which  gives  us  the  records  of  the  experience  of  others 
goes  a  long  way  towards  reducing  the  difficulties  of  the  application  of 
theory  to  practice. 
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After  a  brief  introduction,  analyzing  and  classifying  the  various  por- 
tions of  a  power  plant,  there  follows  a  very  complete  series  of  chapters 
descriptive  of  all  kinds  of  steam  engines,  with  an  examination  of  details, 
including  the  practice  pf  the  leading  builders  all  over  the  country,  lliis 
is  followed  by  the  second  part,  treating  of  boilers,  boiler  settings,  fur- 
naces, accessories,  care  and  management,  inspection  and  testing. 

It  is  to  be  noted  that  there  are  many  points  discussed  for  which  one 
may  look  in  vain  in  text-book  literature,  and  yet  which  are  those  with 
which  the  young  engineer  is  most  likely  to  be  called  on  to  cope.  The 
advantages  of  the  horizontal  cylinder,  as  compared  with  the  vertical  ar- 
rangement ;  the  conditions  favoring  the  beam  mechanism ;  the  advan- 
tages of  the  independent  air-pump  operated  at  different  piston  speeds 
from  those  of  the  main  engine;  the  different  methods  of  effecting  con- 
densation— all  these  are  questions  which  do  not  lend  themselves  to  purely 
rational  or  transcendental  treatment,  and  yet  which  rest  on  principles  of 
which  a  sound  training  should  take  account. 

Former  students  of  the  author  (the  last  paragraph  of  the  thoughtful 
preface  will  be  of  special  interest  to  such)  are  likely  to  recognize  a  feature 
of  the  several  chapters  on  which  their  lecture-room  courses  used  to  lay 
special  emphasis,  and  which  is  of  signal  value  to  others  as  well.  It  is  the 
grouping  in  concise  and  yet  clear  terms  of  the  advantages  and  disadvan- 
tages of  a  principle  or  a  method  or  a  design.  This  should  be  of  service 
to  young  practitioners  and  othtrs  in  determining  their  attitude  as  respects 
selection  of  type  or  construction  for  given  conditions.  The  author  rarely 
dogmatizes  on  these  matters,  but  in  a  singularly  impartial  and  judicial 
manner  states  both  sides  of  the  case  and  leaves  the  question  to  be  de- 
cided on  its  merits.  This  is  notably  manifest  in  the  discussion  of  the 
rotary  steam  engine ;  of  the  compound  type  of  engine ;  of  the  throttling 
and  automatic  cut-off  method  of  governing,  and  with  respect  to  the  sec- 
tional principle  in  boiler  construction.. 

Another  set  of  most  significant  and  original  chapters  are  those  on  engine 
foundations  and  the  piping  and  accessories  to  the  steam  supply  and  the 
setting  of  boilers.  These  scarcely  admit  of  a  mathematical  treatment, 
nor  do  they  justify  a  purely  descriptive  one.  What  is  needed  is  a  criti- 
cal and  analytical  survey  and  discussion,  such  as  they  receive  at  the 
author's  hands.  The  discussion  on  vibration  of  engines  is  particularly 
sound.  The  chapter  on  valve  gears  is  specially  lucid,  and  another  im- 
portant one  is  that  on  general  boiler  construction. 

The  chapter  on  the  boiler  furnace  as  the  origin  of  power  is  especially 
to  be  noted  as  a  most  clear  and  satisfactory^presentation  of  an  important 
subject,  and  the  closing  general  remarks  contain  some  excellent  common- 
sense  suggestions  on  points  often  overlooked. 

In  the  appendix  is  found  an  interesting  historical  summary  of  the  de- 
velopment of  power  plants  from  Hero's  CElopile  to  the  modern  multiple 
expansion  engine,  and  includes  many  new  determining  steps  in  the 
growth  of  the  power  plant.  Here  also  are  given  numerous  notes  and 
references  as  authority  for  the  statements  made  in  the  text. 

These  notes  are  intended  as  the  author  says  to  serve  as  open  doors  into 
the  broader  field  of  detailed  professional  study,  upon  such  questions  as 
naturally  come  up  as  subjects  of  papers  before  engineering  societies.  It 
is  interesting  to  observe  that  the  Transactions  of  the  American  Society  of 
Mechanical  Engineers  and  Kent's  Mechanical  Engineers'  Pocket  Book 
are  the  references  which  occur  most  often. 


298  THE  QUARTERLY. 

Altogether  the  book  is  a  valuable  contribution  to  a  branch  of  mechan- 
ical engineering  hitherto  treated  in  a  very  different  manner,  and  it  may 
rightly  be  welcomed  to  the  library  of  both  student  and  professional  engi- 
neer. H.  H.  S. 

The  Materials  of  Construction,  A  Treatise  for  Engineers  on  the 
Strength  of  Engineering  Material.  By  J.  B.  Johnson,  C.  E., 
Professor  of  Civil  Engineering,  Washington  University,  St.  Louis, 
Mo.  John  Wiley  &  Sons,  New  York.  1897.  787  pages; 
tables,  plates,  diagrams,  illustrations.     Price,  1(6. 00. 

The  book  is  devoted  almost  entirely  to  the  testing  of  materials,  and  is 
a  compilation  of  work  done  by  the  best  modern  experimenters  on  this 
subject.  The  various  kinds  of  tests  are  discussed  in  a  careful  manner 
and  appropriate  formulae  given  for  use  in  computing  the  results. 

Characteristic  tests  of  the  different  materials  are  given,  which  are 
interesting  for  purposes  of  study.  These  are  gathered  from  many 
sources,  but  principally  from  the  publications  of  Bauschinger,  Tetmajer 
and  U.  S.  Government.  They  are  given  mostly  in  the  form  of  stress- 
diagrams.  This  is  a  distinct  feature  of  the  book,  and  is  to  be  thoroughly 
commended.  In  no  way  can  the  results  of  a  test  be  so  satisfactorily 
shown  as  by  a  plotted  curve.  It  enables  distinctions  to  be  made  which 
would  be  wholly  lost  in  a  mere  tabulation  of  figures. 

The  author  wisely  drops  the  use  of  the  word  strain^  which  is  always  a 
source  of  confusion  to  students.  On  the  other  hand  he  introduces  a  new 
term,  first  used  by  the  French  Commission,  ^*  apparent  elastic  limit ^*  as 
a  substitute  for  ** yield-point^*  or  ^^  breaking- down  pointy**  y/\)\ch.  have 
been  standard  expressions  among  engineers  for  years.  The  author  also 
gives  an  empirical  method  for  determining  the  position  of  this  point  on  a 
diagram.  It  is  questionable  whether  the  profession  will  take  kindly  to 
these  innovations. 

The  chapters  on  Resilience,  Manufacture  and  Testing  of  Paving 
Brick  and  Micrographic  Analysis  of  Iron  and  Steel  are  all  valuable,  and 
out  of  the  ordinary  in  books  of  this  class.  One  would  suppose  from  the 
article,  however,  that  the  use  of  the  microscope  as  a  practical  test  instru- 
ment to  determine  the  quality  of  iron  or  steel  was  confined  to  foreign 
countries,  whereas  most  excellent  work  in  this  line  is  being  done  as  a 
daily  routine  in  some  of  our  largest  steel  works. 

The  chapters  on  the  manufacture  of  iron  and  steel  seem  also  to  be 
largely  taken  from  English  text-books  ;  at  least  the  best  American  prac- 
tice is  not  given.  This  is  particularly  true  of  the  chapter  on  steel,  in 
which  several  of  the  statements  regarding  important  points  in  the  process 
of  manufacture  are  quite  at  variance  with  what  our  steel  makers  consider 
the  best  practice.  The  illustrations  of  steel  converters  are  all  old  types ; 
none  of  the  new  types  are  given. 

The  chapters  on  timber,  its  varieties  and  strength  are  taken  from  the 
Bulletins  of  the  Forestry  Division  of  the  United  States  Agricultural  De- 
partment, and  from  Reports  of  the  Watertown  Arsenal.  They  contain 
much  useful  information,  though  as  a  book  of  reference  for  engineers  its 
value  would  have  been  greatly  increased  if  results  of  tests  from  other  re- 
liable investigators  had  been  given,  particularly  the  work  of  such  men  as 
Professors  Lanza  and  Bovey. 

Indeed  we  are  surprised  that  such  slight  mention  is  made  of  the  very 
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excellent  work  done  by  Prof.  Lanza,  who  is  a  recognized  authority  upon 
this  subject  by  the  best  engineers  of  the  country. 

Printing  in  the  appendix  the  proposed  standard  specifications  for  test- 
ing is  a  good  idea  and  will  prove  quite  useful  to  students  for  reference. 

The  book  contains  a  large  amount  of  valuable  information,  the  data 
given  being  much  more  up-to-date  and  useful  than  that  contained  in 
most  other  books  of  its  class  now  upon  the  market. 

The  illustrations  used  throughout  the  book  are  as  a  whole  very  poorly 
printed,  and  some  of  them  are  inexcusably  bad.  The  proof-reading  was 
also  carelessly  done;  many  mistakes  are  noticeable.  I.  H.  VV. 

The  Theory  of  Solution  and  its  Results,  By  J.  Livingston  R.  Morgan, 
Ph.  D.     John  Wiley  &  Sons,  New  York.     1897.     (>i  pages. 

This  book  is  intended  as  an  introduction  to  the  study  of  the  theory  of 
solution  and  electrolytic  dissociation.  It  is  divided  into  the  following 
chapters :  Theory  of  Solution,  Determination  of  Electrolytic  Disso- 
ciation, Theory  of  the  Voltaic  Cell,  and  Analytical  Chemistry 
from  the  Standpoint  of  Electrolytic  Dissociation. 

Many  chemists  who  have  not  had  leisure  to  keep  informed  on  the  de- 
velopment of  chemical  theory  from  a  mathematical  standpoint  will  wel- 
come this  book  as  giving  in  a  concise  form  a  resume  of  the  work  of  Ost- 
wald,  Nernst  and  Kohlrausch.  E.  H.  M. 

Tables  Showing  Loss  of  Head  due  to  Friction  of  Water  in  Pipes,  By 
Edmund  B.  Weston,  C.  E.  Van  Nostrand  &  Co  1896.  Flexi- 
ble covers ;   171  pages. 

The  water-works  engineer,  in  common  with  his  professional  brethren 
in  all  other  lines  where  experience  and  knowledge  have  to  be  applied  to 
cases  where  judgment  determines  an  aggregate  first  cost  of  considerable 
extent,  is,  perhaps,  more  troubled  to  decide  on  a  wise  diameter  of  water 
mains  than  in  almost  any  other  detail  of  his  professional  work.  If  the 
friction  in  the  pipe  is  wrongly  calculated  by  over-estimating  it,  a  diame- 
ter will  be  chosen  which  increases  the  original  outlay  considerably  be- 
yond what  it  would  be  if  a  smaller  value  had  been  chosen  for  the  friction, 
but  as  time  goes  on  and  the  pipes  roughen  by  oxidization  and  other 
causes,  and  the  mains  are  also  taxed  by  the  growth  of  the  population  and 
the  consequent  consumption  of  water,  the  reputation  of  the  engineer 
suffers,  and  he  can  never  explain  the  motive  of  his  original  economy. 

Mr.  Weston's  book  aims  to  divide  the  conditions  for  the  flow  of  water 
in  the  pipes,  as  derived  from  experiment,  into  three  great  classes  .  He  in- 
cludes in  his  first  class  the  experiments  with  smooth  or  drawn  pipes,  such 
as  will  have  a  surface  resembling  lead  or  brass.  His  second  class  is  new 
cast-iron  pipes,  and  his  third  is  old  cast-iron  pipes  whose  interior 
surfaces  have  become  roughened  by  use  and  oxidization.  The  formula 
which  he  derives  for  smooth  pipes  is  used  in  computing  his  Table  No.  1 , 
which  is  the  result  of  238  experiments  made  with  27  different  pipes  with 
smooth  interiors  and  the  sizes  ranging  from  J4  to  3  inches.  He  adds  a 
supplementary  table  of  theoretical  velocity  as  the  projection  of  his  curve 
outside  of  experiments  for  results  beyond  the  highest  limits  of  his  first 
table.  The  tables  give  the  mean  velocity  in  feet  per  second  with  head 
required  to  produce  this  velocity ;  the  discharge  in  gallons  per  minute; 
the  loss  of  head  in  feet  for  each  100  feet  caused  by  friction  per  twenty- 
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four  hours  and  a  rebate  for  loss  of  head  due  to  orifice  of  influx.  Mr. 
Weston's  formula  was  published  in  the  Transactions  of  the  A.  S.  C.  E., 
Vol.  XXII.,  1890.  The  application  of  his  tables  is  given  in  a  series  of 
practical  examples. 

In  the  second  group  is  a  series  of  tables  giving  the  same  data  for  pipes 
increasing  by  the  usual  intervals  from  four  to  sixty  inches  in  diameter 
and  is  calculated  by  the  formulge  of  H.  Darcy  which  are  given  in  his 
work,  Recherches  Experimentales  Relatives  au  Mouvement  de  L'eau  dans 
les  Tuyaux.  These  formulae  which  were  originally  expressed  in  French 
measures  are  reduced  to  their  English  equivalents  and  are  given  in 
their  two  forms  with  their  velocity  of  flow,  less  than  0.33  feet  per  second 
and  for  velocities  exceeding  that  limit.  There  is  also  a  supplementary 
table,  as  in  the  first  case,  carrying  the  curve  of  theoretical  velocities  be- 
yond the  highest  limits  of  the  second  table  and,  as  before,  examples  of 
the  practical  application  of  the  formulae  and  tables  follow. 

The  loss  of  head  due  to  friction  in  pipes  that  have  been  in  service  for 
five  years  or  more  and  which  have  become  rough  on  the  inside  is  made 
by  extending  and  modifying  the  Darcy  Formula  by  the  use  of  multipliers 
given  in  a  table.  These  multipliers  increase  with  the  number  of  years  of 
pipe  service  and  are  derived  from  a  number  of  experiments  made  with 
such  old  pipe. 

The  book  will  be  found  a  very  convenient  and  compact  hand-book  for 
the  use  of  those  who  have  this  sort  of  problems  to  handle,  but,  of  course, 
as  in  handling  the  Kutter  and  other  hydraulic  formula  the  use  of  tables  is 
a  help,  but  does  not  do  away  with  the  necessity  for  an  experience  and 
skillfulness  in  judgment  upon  the  part  of  the  engineer.  F.  R.  H. 

Elementary  Geology,     By  Ralph  S.  Tarr.     New  York,  The  Macmillan 
Co.     1897.     ^1.40.     Pp.  XXX,  499.     Figs.  268  ;  plates  25. 

Within  a  few  months  two  books  on  geology  for  beginners  have  ap- 
peared ;  one  by  Professor  Angelo  Heilprin  and  the  other  the  one  before 
us.  It  is  understood  that  a  new  edition  of  Professor  Dana's  elementary 
book  is  also  in  preparation  by  Professor  Wm.  North  Rice,  so  that  a  third 
may  be  soon  expected.  Professor  Scott's  recent  work,  to  be  reviewed  in 
our  next  number,  is  more  advanced  and,  although  a  recent  issue,  it  be- 
longs in  a  different  class  and  is  adapted  to  older  students. 

The  first  thing  that  impresses  the  reader  of  Professor  Tarr's  book  is  the 
change  in  the  amount  of  space  allotted  to  the  different  branches  of  the 
subject,  as  contrasted  with  our  earlier  books.  Of  old  it  was  the  custom 
to  enlarge  on  the  historical  portion  of  the  subject,  on  the  record  of  past 
events  in  the  rocks,  and  on  the  remains  of  organisms  now  extinct  that  are 
found  in  the  strata  of  the  different  periods.  The  interest  of  the  student 
was  usually  excited  by  the  significance  of  these,  while  the  physical  or 
dynamical  phases  of  the  subject  were  treated  very  largely  as  a  key  where- 
with to  interpret  the  conditions  that  surrounded  the  ancient  organisms. 
The  revival  of  the  study  of  physical  geography  and  its  adaptation  to 
youthful  minds  has  led  to  shifting  the  preponderance  of  treatment  to  the 
physical  side  in  Professor  Tarr's  book,  and  the  historical  portion  embraces 
but  a  scant  quarter  of  its  pages.  The  author  strongly  advocates  this 
method  of  presenting  geology  to  youthful  students  and  has  many  con- 
siderations of  weight  wherewith  to  fortify  the  contention.  The  operations 
of  present-day  forces  and  their  results  are  always  before  us  and  they. 
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therefore,  appeal  more  strongly  to  a  school  boy  or  girl  than  do  the  same 
things  in  past  geological  time,  and,  certainly,  when  a  course  in  geology  is 
meant  to  be  introductory  to  one  in  physical  geography,  this  method  of 
treatment  is  inevitable.  For  older  students  it  would  be  a  grave  error,  and 
it  is  a  little  difficult  for  a  reviewer,  accustomed  to  teaching  older  students, 
to  adjust  his  point  of  view  sufficiently  to  appreciate  the  benefits  of  Profes- 
sor Tarr's  plan  and  to  remember  that  the  different  character  of  his  book's 
constituency  may  demand  the  change  in  presentation. 

As  is  indicated  by  the  number  of  figures,  268  and  plates  25,  the  book 
is  richly  illustrated,  and,  in  general,  acceptably.  For  minerals  or  fos- 
sils, however,  line  sketches  or  drawings  are  much  more  significant  than 
photographs,  because  the  objects  present  so  slight  relief,  and  because  the 
drawing,  especially  of  a  fossil,  brings  out  the  salient  features  better.  The 
book  is  written  in  a  facile  and  entertaining  style,  indicating  that  the 
author  writes  easily — a  valuable  gift,  but  one  to  be  used  with  discretion 
in  scientific  work.  J.  F.  K. 

Metals^  Their  Properties  and  Treatment.     By  A.  K.  Huntington  and 
W.  G.  McMillan.     Longmans,  Green  &  Co.     1897. 

The  authors  state  in  the  preface  that  their  object  is  to  make  clear  the 
principles  which  have  guided  the  evolution  of  the  metallurgical  arts  and 
industries,  avoiding  multiplicity  of  detail  which  tends  to  obscure  main 
issues,  but  in  the  preparation  of  this  work  it  can  hardly  be  said  that  they 
have  attained  success. 

As  regards  the  use  of  the  work  as  a  standard,  the  field  covered  is  al- 
most entirely  English  practice.  American  and  German  practice  is  scantily 
and  shabbily  treated  as  will  be  set  forth  in  detailed  criticism  later. 

Important  practical  details  as  to  output,  application,  etc.,  are  mainly 
conspicuous  by  their  absence. 

For  instance,  under  Ore  Crushing,  no  mention  is  made  of  the 
Gates  crusher  and  under  Stamps,  while  they  are  described  in  a  gen- 
eral way  with  sufficient  clearness  to  present  a  fair  idea  of  construction, 
not  a  word  is  given  as  to  screen  sizes  or  outputs. 

Likewise  under  roasting  furnaces,  from  the  description  of  construction 
an  adequate  idea  can  be  formed  of  the  various  types,  but  as  to  whether 
100  pounds  or  100  tons  can  be  treated  daily,  the  students  is  left  to  search 
elsewhere.  Under  the  blast  furnace  practice  for  pig  iron  an  illustration 
is  given  entitled  a  "modern  blast  furnace,**  in  which  the  only  water 
cooled  part  is  the  tuyere  and  the  blast  pressure  is  quoted  as  4^  to  5 
pounds,  giving  a  daily  extreme  output  of  400  tons  of  pig  iron. 

To  cite  this  furnace  as  a  **  modern  **  furnace  or  to  quote  these  figures 
as  modern  practice  is  certainly  misleading  when  we  view  the  magnifi- 
cent record  of  the  Duquesne  furnace  of  the  Carnegie  plant,  water  cooled 
from  bosh  downward,  running  under  a  blast  pressure  of  14  to  16  pounds 
and  yielding  the  average  monthly  output  of  over  500  tons  of  pig  iron 
daily,  with  a  special  run  of  640  tons  in  one  day. 

Under  the  manufacture  of  open-hearth  steel  no  illustration  of  the  fur- 
nace is  given,  while  our  old  friends  of  ancient  utility,  long  since  aban- 
doned, the  Blair  furnace  and  the  Siemen's  rotary  furnace,  are  graced  with 
detailed  illustrations.  Under  Bessemerizing  copper  mattes,  no  illustra- 
tions are  given  of  the  converters  used  and  mention  by  name  only  is  made 
of  the  trough  converter,  which  is  used  to  so  great  an  extent  in  this  branch 
of  metallurgy. 
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The  authors  state  that  'Mt  is  not  expedient,  usually,  to  bring  the  molten 
matte  from  the  furnace  to  the  converter,"  while  as  a  matter  of  fact  mod- 
ern practice  is  so  to  do.  The  converters  at  Great  Falls,  Butte,  Anaconda, 
Arizona  and  elsewhere  handle  the  molten  matte  direct  from  the  furnaces 
to  converters,  either  by  ladle  or  bodily  picking  up  the  converter  in  a 
horizontal  position  by  overhead  crane  and  tapping  matte  direct,  returning 
the  converter  to  its  stand  for  subsequent  Bessemerizing.  It  is  obvious 
that  taking  the  molten  matte  direct  from  the  furnace  is  economy  in  fuel. 
In  ordinary  smelting  of  ore  to  50  per  cent,  matte,  about  13  per  cent,  of 
fuel  is  consumed  and  to  simply  melt  50  per  cent,  matte  in  a  cupola  fur- 
nace requires  9  per  cent,  of  fuel,  so  that  in  the  present  state  of  keen 
competition  this  important  factor  of  economy  is  stated  by  the  authors  as 
being  "  usually  inexpedient." 

Under  the  electrolytic  refining  of  copper  this  important  branch  of  the 
subject  \%  fully  detailed  in  two  pages  of  most  general  description.  No  idea 
is  given  of  the  size  of  anodes  and  cathodes,  the  number  per  tank,  or 
the  number  of  tanks  generally  employed  and  no  mention  is  made  of  the 
two  radically  different  systems,  the  multiple  and  the  series.  The  details 
given  are  so  misleading  as  to  be  valueless. 

Another  ancient  friend,  the  Pattinsonage  method  of  desilverizing  base 
bullion,  occupies  seven  pages  fully  illustrated,  while  '^the  Parkes  process 
of  zinc  desilverization,  by  which  practically  all  desilverizing  of  base  bul- 
lion is  accomplished  at  the  present  time,  is  briefly  dismissed  in  two  pages. 

These  pertinent  criticisms  are  condemnatory  for  the  use  of  the  work 
either  as  a  general  text-book  or  for  correct  information  and  its  value  from 
a  practical  standpoint  is  seriously  called  into  question.  It  might  be 
useful  in  teaching  students  from  twelve  to  fourteen  years  of  age  or  to  ob- 
tain a  cursory  knowledge*  of  the  subject  from  a  popular  view. 

It  is  to  be  regretted  that  the  authors  did  not  entirely  rewrite  the  subject 
matter  rather  than  amend  the  old  work  of  Bloxam,  published  in  1872, 
as  much  of  the  original  could  have  been  omitted  with  profit,  in  view  of 
the  present  conditions  of  practice. 

The  work  consists  of  562  pages,  of  good  typography  and  good  quality 
of  paper,  bound  in  board  covers.  J.  S. 

Elements- of  Mineralogy,  Crystallography  and  Blowpipe  Analysis,  By 
Alfred  J.  Moses,  Adjunct  Professor  in  Mineralogy,  Columbia 
School  of  Mines,  and  Charles  Lathrop  Parsons,  Professor  of 
General  and  Analytical  Chemistry,  New  Hampshire  College. 
New  York,  D.  Van  Nostrand  Co.  Second  Thousand.  1897. 
Pp.  vii.  and  342.     Figs.  336.     %2. 

The  first  edition  of  this  work  was  reviewed  in  the  Quarterly  of  Jan- 
uary, 1895,  p.  190.  The  second  edition  differs  only  in  the  correction  of 
certain  observed  errors.  The  work  has  met  with  a  favorable  reception 
and  is  used  as  a  text-book  in  fifteen  or  twenty  colleges  and  schools. 

Problems  and  Questions  in  Physics,  By  Charles  P.  Matthews,  M.E., 
and  John  Shearer,  B.S.  The  Macmillan  Company,  New  York. 
1897.     ^1.60. 

This  work  is  comprised  of  243  pages,  bound  in  board  covers  and  of 
excellent  typography  and  quality  of  paper.  It  is  well  illustrated  by  107 
carefully  prepared  cuts. 
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The  subject  treated  is  divided  as  follows : 

Measurement  and  Units ;  Physical  Tables ;  Directed  Quantities; 
Graphic  Methods ;  Averages ;  Approximations ;  Mechanics  of  Solids ;  of 
Liquids  and  Gases;  Heat;  Electricity  and  Magnetism  ;  Sound  and  Light; 
Mathematical  Tables ;  Answers ;  Index. 

Each  problem  is  numbered  in  consecutive  order,  and  answers,  when 
necessary,  are  grouped  in  a  separate  section  at  the  last  of  the  book. 

The  authors  are  to  be  congratulated  in  preparing  so  valuable  a  work 
for  student  use.  It  is  admirably  arranged  and  commends  itself  to  all  by 
its  clear  and  concise  expressions.  J.  S. 
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DEPARTMENT  OF  METALLURGY. 

Professor  H.  M.  Howe,  of  Boston,  has  accepted  the  professorship  in 
metallurgy,  dating  from  July  ist,  the  official  time  of  Dr.  Egleston's  resig- 
nation. The  university  is  to  be  congratulated  in  securing  so  able  a  man 
to  fill  the  chair.  Mr.  Howe's  high  reputation  as  an  expert  in  steel  and 
the  world-wide  acceptance  of  his  **  Metallurgy  of  Steel,"  as  the  authority 
on  the  subject,  endorse  his  abilities. 

Since  January  i,  1897,  the  date  of  Professor  Egleston's  withdrawal 
from  active  duties,  the  lectures  in  metallurgy  have  been  in  charge  of  Dr. 
Struthers.  Professor  Howe  has  kindly  arranged  to  deliver  a  series  of 
eight  special  lectures  on  steel,  embracing  its  properties  and  its  manufac- 
ture by  the  crucible,  cementation  and  Bessemer  processes. 

Mr.  W.  B.  Devereux,  School  of  Mines,  '78,  has  delivered  six  sup- 
plementary lectures  on  the  general  metallurgical  practice  in  the  West, 
dealing  with  the  subject  from  an  economic  standpoint.  Mr.  Devereux's 
extensive  practical  experience  renders  him  particularly  fitted  to  deal  with 
this  subject  in  an  able  manner.  The  subject  matter  of  these  lectures  will 
be  published  in  the  School  of  Mines  Quarterly,  beginning  with  the 
forthcoming  issue. 

On  March  13th,  the  fourth-year  students  taking  the  lectures  in  metal- 
lurgy visited,  under  the  supervision  of  Dr.  Struthers,  the  works  of  the 
Nichols  Chemical  Company  at  Laurel  Hill,  N.  Y.  The  departments 
dealing  with  ore  roasting,  copper  matte  smelting,  Bessemerizing  copper 
matte  to  blister  copper,  and  the  refining  and  casting  of  blister  and  cathode 
copper  were  carefully  studied.  The  time  was  spent  in  a  very  profitable 
and  interestingly  manner.  On  behalf  of  the  students  and  the  department 
we  wish  to  hereby  publicly  acknowledge  the  thanks  due  to  Messrs. 
Heresshof,  Ferguson  and  Masters  for  courtesy  and  attention  shown. 
Their  cordial  reception  added  much  to  the  pleasure  of  the  trip. 

On  April  loth  the  same  students,*under  charge  of  Dr.  Struthers,  vis- 
ited the  works  of  the  Guggenheim  Smelting  and  Refining  Company,  at 
Maurer's,  near  Perth  Amboy,  N.  J.,  and  were  cordially  received  by 
Messrs.  Allen  and  Eakins,  the  former  in  charge  of  the  lead  smelting  and 
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refining  department  and  the  latter  in  charge  of  the  electrolytic  refining 
of  copper. 

The  entire  equipment  was  inspected  and  the  course  of  the  base  bullion 
and  blister  copper  to  final  products  of  lead,  copper,  gold  and  silver,  was 
studied  in  detail. 

The  lead  plant  consists  of  four  65 -ton  softening  furnaces  and  desilver- 
izing kettles ;  furnaces  for  refining  the  lead  from  the  kettles,  each  with  its 
corresponding  smaller  kettle  from  which  the  refined  lead  is  cast  into 
bars ;  tilting  retort  furnace  for  distilling  the  zinc  from  the  skimmings ; 
cupelling  furnaces  for  bringing  the  retort  metal  to  fine  bullion ;  furnaces 
for  working  up  the  antimoniaL  skimmings  to  hard  lead  and  two  blast 
furnaces  for  treating  all  residues.  Many  interesting  details  of  modern 
practice  were  studied,  including  the  mechanical  appliances  for  incorpo- 
rating the  zinc  in  the  kettles  and  the  <' drying  ''  of  the  zinc  skimmings. 
The  special  construction  of  cupelling  furnaces  and  others  merited 
particular  attention. 

The  refining  of  copper,  as  carried  out  here,  consists  of  several  large  re- 
verberations in  which  the  crude  converter  metal  or  blister  copper  is  re- 
fined and  cast  into  anode  plates.  The  electrolytic  refining  of  copper  is  ac- 
complished in  a  series  of  400  tanks  arranged  in  four  divisions  on  the 
multiple  system,  with  gravity  circulation.  The  Cathode  plates  are 
shipped  as  such  or  refined.  The  residual  mud  in  the  tanks  consists  of 
the  gold  and  silver  of  the  converter  metal  with  about  an  equal  amount  of 
copper ;  this  mud  has  the  copper  removed  by  solution  and  the  silver  and 
gold  melted  down  to  Dor6  bars  for  the  electrolytic  separation  by  the 
Moebieus  process.  The  day  was  most  interestingly  spent  with  profit  to 
all  and  the  thanks  of  the  students  and  the  department  are  heartily  ex- 
tended to  Messrs.  Allen  and  Eakins,  whose  courtesies  were  fully  appre- 
ciated. 

From  the  students  standpoint  the  trips  to  smelters  and  refineries  are  of 
inestimable  value,  as  thereby  they  are  able  to  obtain  the  practical  view  of 
the  subject-matter  of  the  lectures.  In  addition  their  knowledge  becomes 
more  rounded  as  they  acquire  the  practical  as  well  as  the  theoretical 
considerations  involved. 

DEPARTMENT  OF  GEOLOGY. 

Preparations  have  been  in  progress  for  removal  next  summer,  and 
many  preliminaries  have  been  arranged.  Materials  not  needed  at  present 
have  been  packed  in  boxes  and  have  been  gradually  transferred  to  the 
new  site,  where,  in  the  old  asylum  building,  a  storage  room  has  been 
courteously  assigned  to  the  department  by  Mr.  Darling. 

Prof.  Kemp  had  charge  of  the  exhibits  in  Geology  at  the  reception  of 
the  New  York  Academy  of  Sciences,  April  5  and  6,  and  Mr.  van  Ingen 
of  those  in  Paleontology.  The  exhibition  was  a  most  successful  one,  and 
in  all  departments  Columbia  was  well  represented. 

A  very  interesting  series  of  granite-porphyries  and  phonolites  has 
recently  been  received  from  C.  S.  Herzig,  Mines,  '95,  who  collected  them 
in  the  Little  Rocky  Mountains,  while  making  some  mining  developments 
in  this  new  region.  The  Little  Rockies  lie  about  180  miles  east  of  the  main 
Rockies  and  rise  as  an  insolated  group  in  the  plains  of  northeastern  Mon- 
tana.    There  has  been  some  interest  in  the  gold  resources  of  the  group,  and 
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the  mountains  have  been  described  geologically  by  Mr.  W.  H.  Weed,  Mines, 
'8  J,  of  the  U.  S.  Geological  Survey,  and  Professor  L.  V.  Pirsson,  of 
Yale.  Mr.  Weed  has  been  doing  a  great  deal  of  important  and  extremely 
interesting  work  in  the  small  outlying  ranges  in  Montana. 

Monograph  XXVII.  of  the  U.  S.  Geological  Survey  has  just  been  issued, 
and  is  entitled  •*  Flora  of  the  Amboy  Clays."  It  is  a  posthumous  work 
of  Dr.  Newberry's,  and  has  been  carefully  edited  and  prepared  for  publi- 
cation by  Mr.  Hollick,  as  the  manuscript  was  left  uncompleted  by  Dr. 
Newberry.  The  contributions  of  the  Geological  Department,  embracing 
two  separate  and  complete  works,  have  now  completed  six  volumes,  and 
represent  the  work  of  the  staff  during  the  last  six  years. 

Dr.  A.  A.  Julien  has  been  assigned  to  the  Geological  Department  for 
next  year,  and  will  have  special  charge  of  the  collections  in  Economic 
Geology  and  of  rocks,  and  will  offer  some  special  courses.  Dr.  Julien 
will  thus  resume  lines  of  work  which  occupied  his  attention  in  earlier 
years,  and  which  have  been  unavoidably  laid  aside,  meantime,  for  other 
duties. 


DEPARTMENT  OF  MECHANICAL  ENGINEERING. 

The  routine  work  of  the  Department  is  progressing  at  this  time  with 
the  usual  energy  of  the  day  when  graduating  theses  are  the  principal 
thought  of  the  Fourth  Class.  By  the  courtesy  of  the  De  La  Vergne  Re- 
frigerating Company  one  of  their  seven-horse-power  oil  engines  has  been 
loaned  and  is  the  subject  of  one  of  the  theses,  while  others  are  working 
upon  the  regular  laboratory  equipment.  Comparative  tests  of  injectors, 
tests  of  the  efficiency  of  the  Delaval  ten-horse-power  steam  turbine  and 
of  the  Otto  gas  engine,  and  of  the  efficiency  of  roller  bearings  for  shaft- 
ing and  the  like,  are  in  progress  at  the  same  time  that  the  regular  routine 
work  of  testins:  is  going  on  in  almost  the  same  space.  The  congestion  of 
the  mechanical  laboratories  makes  the  prospect  of  the  relief  at  the  new 
site  a  most  agreeable  one. 

The  laboratory  has  recently  been  enriched  by  the  purchase  of  an  inter- 
esting historical  relic.  The  first  patents  in  this  country  for  successful 
shaft  governing  of  high  speed  engines  were  taken  out  in  1873  by  the  late 
John  C.  Hoadley.  To  illustrate  the  working  of  these  single-valve  auto- 
matic engines  with  shaft  governors,  a  model  was  exhibited  at  the  Cen- 
tennial Exhibition  of  1876,  and  on  the  close  of  the  exhibition  was  bought 
by  the  Merrimack  Manufacturing  Company  of  Lowell,  where  it  has  been 
used  as  a  subsidiary  and  extra  engine  ever  since.  As  the  first  engine 
built  with  a  shaft  governor,  which  is  now  almost  universal  in  high-speed 
practice,  the  engine  was  of  special  interest  and  its  possession  as  one  of  the 
experimental  engines  of  the  new  laboratory  of  the  Mechanical  Engineer- 
ing Department  will  be  of  notable  significance. 

The  development  of  the  Henry  R.  Worthington  Laboratory  has  also 
been  a  subject  which  has  been  much  before  the  Department  during  this 
winter.  The  steam-pump  equipment,  which  forms  the  basis  of  Mr. 
Worthington's  gift,  embodies  a  triple-expansion  duplex  steam  engine, 
having  a  capacity  of  1,000  gallons  a  minute.  This  will  discharge  into  a 
closed  steel  tank,  within  which  the  necessary  pressure  will  be  maintained 
from  an  air  compressor  operating  at  the  same  time  that  the  pump  is  at 
work.    The  air  will  be  delivered  from  this  air  chamber  into  over-head 
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tanks,  from  which  the  weir  discharges  will  be  taken  and  caught  and 
measured  in  the  necessary  catch-tanks.  For  intermediate  pressure,  rup- 
ning  up  to  i,ooo  lbs.  to  the  square  inch,  a  second  duplex  pump  operates 
with  a  steam  accumulator,  which  forms  a  part  of  the  machine  itself  and 
permits  a  wide  range  of  special  orifice  work  which  the  lower  pressures  of 
the  first  pump  do  not  permit. 

For  investigations  in  a  very  interesting  and,  as  yet,  untried  field,  a 
third  pump  with  its  steam  accumulator  will  carry  pressures  up  to  5,000 
lbs.  to  the  square  inch.  It  is  believed  that  in  these  two  latter  Helds, 
as  well  as  in  many  of  its  other  features,  the  Columbia  Hydraulic 
Laboratory  will  be  unequaled.  In  addition  to  these  two  other  features, 
the  Worthington  gift  includes  meters  of  quite  a  wide  range  of  capacity  of 
the  piston  type,  together  with  subsidiary  and  smaller  hydraulic  appliances, 
special  gauges  and  the  like. 

By  the  kindness  of  friends  of  the  head  of  the  Department,  the  interest 
of  other  firms  has  been  enlisted  in  cooperation  in  the  equipping  of  the 
Department  of  the  Hydraulic  Laboratory.  The  Lawrence  Machine 
Company,  of  Lawrence,  Mass.,  by  the  active  cooperation  of  Mr.  Wm. 
O.  Webber,  of  Boston,  have  consented  to  make  a  gift  to  the  Laboratory 
of  a  centrifugal  pump  of  their  well-known  pattern,  having  a  suction  orifice 
of  6  inches  and  a  delivery  of  5  inches.  This  gives  a  capacity  of  600 
gallons  per  minute  under  low  heads,  which  will  be  mainly  used,  and 
there  is  an  opportunity  for  the  proper  test  of  special  hydraulic  motors 
operating  with  volume  rather  than  pressure.  Stimulated  by  this  example, 
the  Morris  Machine  Works,  of  Baldwinsville,  N.  Y.,  have  promised  a 
similar  gift,  which  is  likely  to  take  the  form  of  a  centrifugal  pump,  with 
its  special  direct  couple  engine,  making  a  superb  piece  of  laboratory  ap- 
paratus, because  the  engine  becomes  an  experimental  steam  engine  with 
its  resistance  directly  coupled  to  it  and  directly  measured.  The  Rife 
Hydraulic  Engine  Manufacturing  Company,  of  Roanoke,  Va.,  contribute 
one  of  their  No.  40  engines,  operating  a  double-action  hydraulic  ram 
engine  with  4'^  drive  pipe  and  lifting  from  35  to  75  gallons  per  minute. 
The  Builders*  Iron  Foundry,  of  Providence,  through  their  Treasurer, 
Mr.  R.  A.  Robertson,  contribute  an  Z"  Venturi  Meter,  which  it  is  ex- 
pected to  use  in  connection  with  the  tests  to  be  made  upon  the  centrifugal 
pumps  and  in  general  hydraulic  operations  upon  a  large  scale.  Negotia- 
tions are  in  progress  for  adding  the  types  of  water-moving  machinery 
which  are  still  lacking,  to  make  the  Laboratory  absolutely  complete,  as  a 
sample  of  its  class,  but  enough  has  already  been  promised  as  the  result  of 
the  winter's  effort  to  make  the  authorities  feel  that  they  are  justified  in 
the  claim  that  the  Mechanical  Engineering  Department  in  this  field  will 
be  far  in  advance  of  anything  to  be  found  elsewhere  in  this  country,  and 
if  this  is  true  then  in  the  world. 

In  the  other  lines  of  development  the  cooperation  of  interested  donors 
has  also  been  most  helpful.  The  machinery  of  transmission  is  to  be 
very  materially  strengthened  by  gifts  from  the  Dodge  Manufacturing 
Company,  of  Mishawaka,  Ind.;  from  the  Automatic  Friction  Clutch 
Company,  of  Erie,  Pa.;  from  the  Rockwood  Manufacturing  Company, 
of  Indianapolis,  Ind.;  from  the  Almond  Clutch  and  Coupling  Company, 
of  which  the  exact  detail  will  be  made  public  at  a  later  date. 

In  the  Department  of  Steam  Engineering  for  the  equipment  of  the 
Laboratory  the  advantages  have  been  much  considered  and  have  been 
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decided  upon,  so  far  as  possible,  of  giving  to  the  power  machinery  of 
the  laboratory  the  complexion  of  air  compressors.  The  air  compressor, 
as  a  type  of  experimental  steam  engine,  offers  some  notable  advantages. 
It  contains  its  own  resistance,  which  can  be  large  and  up  to  the  full  capacity 
of  the  steam  cylinder.  The  resistance  is  clean  and  easily  controlled. 
The  resistance  is  measured  by  the  same  appliances  which  are  used  in 
measuring  the  effort  of  the  steam,  and  the  resistance  can  be  stored  and 
used  again  in  motors  of  the  same  class  as  the  original  compressing  and 
steam  cylinder  whereby  the  complete  circuit  of  performance  can  be 
studied.  If,  in  addition,  the  air  compressor  can  be  made  of  a  type  in* 
volving  several  stages,  both  in  thesteamand  its  air  end,  an  additional  and 
most  interesting  group  of  combinations  is  made  possible  by  the  use  of 
reheaters  between  the  steam  cylinders  and  intercoolers  between  the  air 
cylinders.  Farthermore,  this  kind  of  experimental  steam  engine  opens 
up  the  field  in  which  variations  of  temperature,  as  well  as  variations  of 
pressure,  can  be  introduced  and  the  general  subject  of  mechanical  re- 
frigeration. There  is  still,  at  this  writing,  a  wide  opportunity  for  devel- 
opments of  the  Testing  Laboratory,  which  has,  as  yet,  received  no  atten- 
tion. 

The  subject  of  the  mechanics  of  hoisting,  as  applied  in  hydraulic  ele- 
vators, is  to  be  made  a  special  feature  of  opportunity  for  study  by  the 
provisions  in  the  Otis  elevator,  which  is  to  be  put  up  in  the  Engineering 
building  for  the  attachment  of  all  sorts  of  measuring  and  dynamometric 
appliances.  This  elevator  is  a  gift  to  the  University  by  the  Otis  Com- 
pany, who  have,  in  addition,  given  to  the  machine  this  special  educa- 
tional bias.  Similarly  the  ventilation  of  the  big  laboraory  of  Mechani- 
cal Engineering  is  done  by  a  specially-fitted  Sturtevant  blower,  which, 
with  its  appliances,  becomes  the  nucleus  of  a  pneumatic  laboratory. 
The  University  is  indebted  for  this  to  the  combined  interest  of  Messrs. 
G.  A.  Suter,  Alfred  A.  Wolff  and  the  Sturtevant  Company,  of  Boston. 

Professor  Hutton's  book,  which  he  has  called  the  Mechanical  Engi- 
neering of  Power  Plants^  appeared  in  February,  and  is  in  use  as  a  text- 
book in  his  department  in  the  second  and  third-year  electrical  courses, 
and  in  the  third  and  fourth-year  of  the  other  engineering  courses.  It 
embodies  and  extends  the  courses  in  engines  and  boilers  which  so  many 
graduates  will  remember  (Alumni  may  perhaps  read  the  dedicatory  para- 
graph at  the  close  of  the  preface  with  interest),  and  the  method  of  using 
the  text-book  seems  to  be  working  well.  The  projecting  lantern  with 
electric  arc  lamp  is  used  in  the  light  room  without  darkening  by  shades 
to  throw  upon  the  screen  views  of  either  the  type  illustrated,  or  better 
still  of  variants  from  the  type  in  the  text,  and  the  recitations  are  based 
upon  these  projections,  so  as  to  make  the  class-room  exercise  resemble 
what  in  other  departments  is  called  a  clinical  exercise.  So  far  from  the 
use  of  a  text-book  taking  from  the  value  of  the  class-room  instruction, 
and  making  the  personal  factor  of  the  instructor  less  important,  this 
method  tends  to  give  greater  value  to  the  oral  instruction  than  under  the 
former  lecture  system,  while  admitting  of  enormously  greater  thorough- 
ness and  exhaustive  treatment. 
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SUMMER  SCHOOL  IN  PRACTICAL  METALLURGY. 

The  class  in  Practical  Metallurgy  will  convene  at  Chicago,  Ills.,  im* 
mediately  after  the  completion  of  the  time  devoted  to  the  Summer  School 
in  Mining  (July  8th  or  9th). 

The  metallurgical  works  at  and  near  Chicago  and  Pittsburgh  will  be 
visited  and  studied  in  detail.  Probably  most  of  the  time  will  be  spent  at 
'Chicago.  It  is  expected  that  Prof.  Henry  M.  Howe  will  be  present  to 
take  charge  of  the  class,  assisted  by  Dr.  Struthers. 

It  is  the  intention  this  year  to  devote  the  greater  part  of  the  time  to  the 
subject  of  iron  and  steel,  as  the  facilities  offered  are  unsurpassable ;  Chi* 
cago  and  Pittsburgh  being  the  two  great  steel  centers  of  the  United  States. 

This  practical  summer  school  in  metallurgy  is  a  new  feature  in  the 
course  of  instruction,  and  was  inaugurated  last  year  by  Dr.  Struthers,  who 
took  charge  of  the  students  at  Butte,  Mont.  The  class  devoted  their  time 
to  the  study  of  the  smelting  of  copper  and  silver  ores  as  carried  on  in  that 
district. 

The  class  was  then  optional  and  it  is  very  gratifying  to  note  the  full 
attendance  of  the  students  and  the  excellent  quality  of  their  work  (a  full 
description  of  the  Summer  School  at  Butte  can  be  found  in  the  School 
OF  Mines  Quarterly,  Vol.  XVIII. ,  No.  i,  p.  66.)  By  varying  the  sub- 
ject each  year,  better  results,  as  regards  general  education,  can  be  ob- 
tained. 

UNIVERSITY  BULLETIN. 

The  University  Bulletin  is  issued  by  the  Columbia  University  Press, 
with  the  approval  of  the  Trustees  of  the  University.  It  is  addressed  to 
the  Alumni,  officers  and  friends  of  the  University,  and  its  purpose  is  to 
publish  articles  of  interest  on  topics  that  concern  the  University  as  a 
whole,  to  furnish  pertinent  information  with  regard  to  the  University  and 
its  separate  schools,  and  to  give  a  summary  of  important  University  legis- 
lation. The  Bulletin  will  appear  three  times  during  the  academic  year, 
and,  until  further  notice,  will  be  sent  free  of  charge  to  such  Alumni  of 
the  University  as  may  signify  their  desire  to  receive  it.  Numbers  I-XIV 
will  he  sent  postpaid  by  the  Macmillan  Company,  66  Fifth  Avenue,  New 
York  City,  on  receipt  of  two  dollars ;  single  numbers  will  be  supplied  at 
twenty  cents  each.  Since  its  foundation,  in  1890,  the  Bulletin  has  con- 
tained a  large  amount  of  interesting  and  valuable  matter  relating  to  the 
University  in  its  period  of  growth  and  reconstruction,  and  a  complete 
set  of  its  numbers  is  virtually  indispensable  to  Alumni  who  preserve  im- 
portant publications  bearing  on  the  history  of  the  College  and  the  Uni- 
versity. 
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most  approved  make.     Absolutely  pure  Chemicals  and  Acids ;  Royal  Berlin  and 
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Weights ;  Collections  of  Metals,  Minerals,  Rocks,  Crystals,  Crystal  Models,  etc. 
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Fraser  &  Chalmers, 
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Also  Mining  and  Ore-Treating  Macliinery  of  Every  Kind. 


Woodbridge  School, 


FORMERLY 


School  of  Mines  Preparatory  School. 


417  Madison  Avenue, 

Between  48th  and  49th  Streets,  NEW  YORK  CITY. 


J.  Woodbridge  Davis,  C-  E.,  Ph.  D., 

David  Allen  Center,  A.B.,  B.S, 

PRINCIPALS. 


Fifteenth  Year  Begins  October  ist,  i8g6. 


THE  school  is  well  equipped  with  physical  and  chemical  laboratories,  in  which  the 
students  are  required  to  perform  a  complete  set  of  experiments  illustrative  of  their 

recitations  in  physics  and  general  chemistry.  A  special  laboratory  is  devoted  to 
qualitative  chemical  analysis  for  advanced  students. 

An  advanced  course  prepares  students  for  the  Second  Year  Class  of  the  School 
of  Mines. 

Four  hundred  Students  of  Columbia  School  of  Mines  have  been  instructed  in  the 
Woodbridge  School.  Also  a  large  number  have  been  prepared  for  Massachusetts  In- 
stitute of  Technology,  Stevens  Institute,  Sheffield  Scientific  School,  Lawrence  Scien- 
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Inlet  Valves. 

The  proper  design  and  working  of  the  inlet  or  suction  valves 
exert  an  important  influence  upon  the  efficiency  of  the  compressor. 
In  the  older  forms  of  wet  compressor  various  patterns  of  clack- 
valve  were  employed,  as  exemplified  in  the  Dubois-Fran5ois  com- 
pressor, but  more  recently  poppet  valves  have  come  into  very 
general  use.  These  are  furnished  with  springs  and  are  actuated 
either  by  difference  of  air  pressure  alone,  or  are  controlled  by 
mechanical  means.  The  Corliss  valve  also  has  been  successfully 
adapted,  and  latterly  a  piston  inlet  valve  has  met  with  much  favor. 

The  two  chief  requisites  of  inlet  valves  are : 

1.  That  they  shall  have  a  sufficient  area  of  opening  to  permit 
free  entrance  of  air. 

2.  That  they  shall  open  readily  at  the  beginning  of  the  stroke 
with  a  minimum  of  resistance,  remain  open  until  the  end  of  the 
stroke,  and  then  close  promptly. 

Poppet  Valves,  One  of  the  commonest  forms  is  the  mushroom 
valve  (Fig.  17).  While  the  total  inlet  area  of  the  cylinder  should 
be  ample,  there  are  two  special  requirements  in  the  case  of  ordi- 
nary poppet  valves :  (i)  the  area  of  each  individual  valve  must 
not  be  too  great,  or  it  will  become  too  heavy ;  (2)  the  lift  must 
be  small,  in  order  to  attain  a  prompt  opening  and  closure  and  to 
reduce  "chattering."      For  these  reasons    several    independent 
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Fig.  17. 


valves,  generally  from  four  to  six,  are  set  in  each  cylinder  head. 
Both  valve  and  seat  are  of  brass.  In  some  compressors,  e.  g.,  the 
Clayton,  the  seat  is  flat  and  covered  by  a  slightly  elastic  packing 

ring.  Usually,  however,  the  contact 
is  between  metal  and  metal,  with 
surfaces  ground  true,  and  the  seat- 
ing is  often  coned.  The  valve  stem 
is  provided  with  a  spiral  spring  to 
keep  the  valve  on  its  seat,  and  works 
in  guides  cast  in  one  piece  with  the 
seat  and  valve  casing.  The  valve  is 
screwed  into  the  cylinder  head  so  as 
to  be  readily  removed  when  neces- 
sary. Brass  springs  are  always  used 
to  avoid  the  effects  of  corrosion,  and  must  be  easily  compres- 
sible to  allow  the  valve  to  open  freely  under  a  very  small  dif- 
ference of  pressure.  These  springs  should  be  made  of  the  best 
material  and  accurately  proportioned  to  present  the  requisite  re- 
sistance. The  ordinary  poppet  valve  is  opened  by  the  atmos- 
pheric pressure  without,  when  a  certain  degreee  of  rarefaction  inside 
the  cylinder  has  been  caused  by  the  movement  of  the  piston  ;  that 
is,  when  the  difference  of  pressure  becomes  sufficient  to  overcome 
the  strength  of  the  spring  and  compress  it.  To  accomplish  this 
the  piston  must  advance  some  distance  before  any  air  can  enter 
the  cylinder.  Therefore,  with  the  common  poppet  valve,  a  full 
cylinder  of  air  cannot  be  taken  at  each  stroke,  and  some  loss  of 
capacity  ensues.  More  or  less  irregularity  in  the  entrance  of  the 
air  must  take  place  also,  because,  while  the  pressure  of  the  outside 
air  tries  to  open  the  valve,  the  action  of  the  spring  tends  to  keep 
it  closed.  This  produces  "  chattering  "  or «'  dancing  "  of  the  valves, 
and  has  led  to  the  introduction  of  various  mechanical  devices  for 
controlling  them,  as  will  be  noted  later. 

As  the  springs  soon  lose  their  elasticity,  and  undergo  alterations 
in  their  strength,  they  require  careful  watching  and  regulation ; 
outside  adjusting  nuts  on  the  valve  stems  are  provided  for  this 
purpose.  If  the  springs  be  too  slack  the  chattering  increases,  and 
if  too  tight  they  present  excessive  resistance  to  the  entrance  of  the 
air.  This  resistance,  the  effect  of  which  is  shown  on  the  dia- 
gram (Fig.  18),  should  be  reduced  so  far  as  practicable,  but  of  ne- 
cessity must  always  amount  to  something.    The  point  ^,  where 
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the  compression  line  crosses  the  atmospheric  line  de,  is  the  point  of 
the  stroke  at  which  the  inlet  valves  open,  and  the  volume  passed 
through  by  the  piston  in  traveling  from  a  to  ^  measures  the  loss 
in  the  capacity  of  the  compressor  from  this  cause.  Furthermore, 
there  is  usually  sufHcient  throttling  of  air  in  passing  through  the 
inlet  valves  to  keep  the  admission  line  a  i:  at  an  appreciable  dis- 


tance below  the  atmospheric  line  until  near  the  end  of  the  stroke. 
The  area  below  the  atmospheric  line,  therefore,  represents  the  re- 
sistance due  to  negative  or  suction  pressure.  If  the  inlet  %'alve5 
be  too  small,  or  badly  designed,  the  loss  may  amount  to  as  much 
as  two  or  three  lbs.  per  sq,  in.* 

Notwithstanding  these  inherent  disadvantages,  the  poppet  valve 
is  widely  used  because  of  its  simplicity.  In  case  of  leakage  due 
to  cutting  and  wear  of  the  seating  surfaces  the  valve  is  easily  re- 
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'Goodman,  Trans.  Fed.  Inst  Min.  En^.tVol.  VII., p.  340. 
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moved  and  re-ground.  These  valves  are  employed  in  a  number  of 
well-known  compressors,  such  as  the  Rand  and  Claytc^n.  Follow- 
ing are  descriptions  of  several  variations  from  the  ordinary  mush- 
room type  of  poppet  valve. 

Johnson  Valve.  In  the  Johnson  compressor,  built  in  England, 
there  is  a  single  poppet  inlet  valve  of  the  grid-iron  type  at  each 
end  of  the  cylinder.  It  has  a  large  area,  with  a  small  lift,  and  is 
mounted  in  a  peculiar  way  on  the  same  spindle  with  the  discharge 
valve  (Figs.  19  and  20).  Both  valves  are  rendered  easily  accessible 
by  being  placed  in  a  chamber  projecting  horizontally  from  the  top 
of  the  cylinder.  This  chamber  is  closed  by  a  cast-iron  plate  held 
in  place  by  a  yoke  and  set-screw.  The  lift  of  the  valve  is  con- 
trolled by  an  outside  adjusting  nut,  ^,  on  the  spindle.  The  inlet 
valve  is  provided  with  a  "  lifter  "  (Fig.  20,  d')  by  which  it  can  be 
raised  from  its  seat  and  thrown  out  of  use,  if  it  be  desired  tempora- 
rily to  make  the  compressor  single.acting.  Springs  are  not  used 
with  the  Johnson  valve ;  it  closes  by  gravity  only.* 

Humboldt  Rubber  Ring  Valve.  The 
older  form  of  Humboldt  wet  compressor 
(German)  has  a  simple  and  ingenious 
valve  (Fig.  21).  It  consists  merely  of  a 
rubber  ring  of  round  cross-section  which 
covers  a  series  of  slits  in  a  cylindrical 
casting  set  in  the  top  of  each  air  cham- 
ber. Three  of  these  rings,  a^  with  the 
slits,/,  comprise  the  inlet  valves  in  each 
end  of  the  air  cylinder,  the  casting,  c^  in 
which  they  are  placed  forming  a  part  of 
the  valve  chamber  cover.  The  casting, 
c,  is  strengthened  by  a  series  of  webs,  d. 
As  the  pressure  in  the  air  chamber  falls 
the  atmospheric  pressure  expands  the  rubber  rings,  forcing  them 
away  from  the  slits,  and  allowing  air  to  enter.  Then  on  the  re- 
versal of  the  stroke  the  elasticity  of  the  rings  causes  them  to 
tighten  up  on  their  seats  and  close  the  seats.  The  valve  open- 
ings are  relatively  large  and  permit  free  entrance  of  air.  The  dis- 
charge valve,  b,  has  the  same  construction,  but  consists  of  a  single 
ring  only,  of  larger  cross-section.  These  rubber  valves  are  found 
to  last  well,  as  they  are  kept  wet  and  are  not  exposed  to  any 
great  degree  of  heat. 


Fig.  21. 


*  Ph.  R.  B}drling,C<?//,  Guardian,  August  7,  1896,  p.  272. 
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Mechanically  Controlled  Valves  and  Valve  Motions. 

'llie  difHculties  inseparable  from  the  use  of  inlet  valves  which 
for  their  opening  and  closure  depend  upon  diflerence  of  air  pres- 
sure have  led  to  the  introduction  of  various  mechanically  controlled 
valves.  By  their  use  fewer  valves  are  required,  as  a  rule,  because 
they  may  be  made  much  larger  and  have  a  higher  lift  As  dis- 
tinguished from  ordinary  poppet  valves  they  are  operated  or  con- 
trolled by  being  in  some  way  connected  with  the  moving  parts  of 
'  the  compressor.  In  this  way  the  compressor  is  enabled  to  take 
more  nearly  a  full  cylinder  of  air  at  each  stroke. 

Rand  Mechanical  Valve  Gear  (Fig.  22).     A  system  of  levers  is 


employed  to  release  the  valves  at  the  proper  time  from  the  pres- 
sure of  their  springs,  thus  permitting  them  to  open  freely.  The 
spring  still  serves  to  assist  in  closing  the  valve,  and  is  stronger 
than  in  the  common  poppet  valve.  The  releasing  arms,  a,  b, 
are  mounted  upon  a  horizontal  bar,  A,  which  has  a  slight  recipro- 
cating movement  derived  through  connecting  links  from  the  valve 
motion  of  the  steam  cylinder.  These  releasing  arms  are  connected 
with  the  stems  of  both  inlet  and  discharge  valves  by  sliding  joints, 
j,f.  Another  design  has  a  pair  of  outside  horizontal  bars,  one  on 
each  side  of  the  cylinder,  connected  by  cross-heads,  and  carried  in 
bearings  attached  to  the  cylinder  casing.  These  cross-heads  take 
the  place  of  the  arms,  a,  b.  The  connection  between  the  mechani- 
cal gear  and  the  valves  is  in  a  measure  positive ;  the  inlet  valves 
open  promptly  at  the  beginning  of  the  stroke  and  remain  open 
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without  chattering  until,  at  the  end  of  the  stroke,  the  pressure  of 
the  arms  is  removed  and  the  springs  are  allowed  to  act.  To  ac- 
complish this  the  gearing  releases  the  pressure  of  the  spring  a 
little  in  advance  of  the  beginning  of  the  stroke,  so  that  the  valve 
is  at  liberty  to  open  fully  at  once.  As  the  valves  are  much  larger 
than  ordinary  poppets,  usually  but  one  inlet  and  one  outlet  valve 
are  set  in  each  cylinder  head.  In  a  large  two-stage  compressor  at 
the  Dominion  Coal  Co.'s  mine,  Canada,  there  are  two  mechanically 
controlled  inlet  valves  on  each  end  of  the  low-pressure  or  intake 
cylinder. 

HcUseys  Positive' Motion  Air  Valve  Gear,  This  gear  was  brought 
out  in  1891,  and  is  now  being  made  by  the  Canadian  Rand  Drill 
Co.  The  control  is  eflfected  by  a  system  of  horizontal  levers, 
linked  together  and  driven  by  a  cam  movement  from  a  prolonga- 
tion of  the  steam  cut-off  valve  stem.  There  is  one  inlet  and  one 
discharge  valve  at  each  end  of  the  cylinder.  The  movement  of 
the  inlet  valve  lever  is  so  timed  as  to  close  the  valve  when  the 
crank  passes  its  center,  and  then  to  move  away  from  contact  with 
the  valve  in  time  to  permit  it  to  be  opened  by  the  air  pressure. 
As  no  springs  are  used  the  valve  has  a  high  and  free  lifL  All 
the  parts  are  easily  accessible.  This  gear  is  similar  in  principle 
to  the  Riedler  mechanical  gear  described  below,  but  was  invented 
independently  in  this  country. 

Inlet  Valve  at  the  Lens  Colliery^  France. 
Here  a  cam  movement  has  been  success, 
fully  employed  (Fig.  23).    The  stem  of  the 
inlet  valve  is  provided  with  a  spiral  spring 
and    projects  from  the  cylinder  head,  as 
usual.    At  the  beginning  of  the  stroke  the 
valve  is  opened  rapidly  by  a  cam,  a^  of  pe- 
culiar shape,  playing  against  the   end   of 
the  stem.      The  cam   is   mounted   upon  a  small  shaft  which  is 
geared  to  revolve  once  for  each  revolution  of  the  engine.      At 
the  end  of  the  stroke  the  cam  allows  the  valve  to  close  under  the 
action  of  the  spring.* 

Sturgeon's  Inlet  Valve.  This  ingenious  valve,  of  an  air  compressor 
made  in  England,  furnishes  another  example  of  a  positive  move- 
ment It  is  a  large  annular  valve,  c  (Fig.  24),  encircling  the  piston 
rod  in  each  cylinder  head,  and  is  operated  directly  by  the  movc- 

*H.  W.  Hughes,  Text-book  of  Coal  Mining,  p.  55. 


Fig.  23. 


Mm 


3i6  THE  QUARTERLY. 

ment  of  the  piston  rod  itself.*  The  connection  between  the  valve 
and  rod  is  frictional  only,  being  brought  about  by  a  gland,;,  which 
serves  to  form  a  stufBng  box  for  the  piston.  By  tightening  or 
loosening  the  nuts,  a,  of  the 
bolts  by  which  the  gland  is  at- 
tached to  the  valve  flange  any 
desired  amount  of  grip  upon 
the  piston  rod  can  be  obtained. 
Thus  the  valve  moves  with  the 
rod  and  opens  as  soon  as  the  pis- 
ton begins  its  stroke.  Flanges 
on  the  ends  of  the  valve  limit 
its  play  in  each  direction,  con- 
trolling the  amount  of  lift  and 
area  of  opening.  The  valve  and 
stuffing  box  together  form  the 
Fio.  14.  bearing  of  the   piston   rod   in 

each  cylinder  head.  At  the 
end  of  the  stroke  a  recess  in  the  piston  receives  the  large  inner 
flange  of  the  valve  so  as  to  diminish  the  clearance.  The  mechan- 
ism is  simple  and  its  work  satisfactory. 

An  arrangement  resembling  the  above  is  used  in  a  very  good 
compressor  made  by  the  Dover  Iron  Co.,  Dover,  N.  J. 

Riedler^  Valve.  The  mechanically  controlled  Riedier  compres- 
sor valve  is  similar  in  principle  to  that  used  in  the  Riedlcr  pump. 
There  is  usually  one  inlet  and  one  discharge  valve  at  each  end  of 
the  cylinder,  controlled  by  mechanism  receiving  its  motion  from 
an  excentric  on  the  fly-wheel  shaft  (Fig.  25).  The  excentric 
imparts  motion  to  a  wrist-plate  connected  by  links  to  transverse 
rocker  shafts  passing  into  the  valve  chambers.  At  each  end  of 
the  cylinder  is  a  pair  of  these  valve  chambers,  or  chests,  one  con- 
taining the  inlet,  the  other  the  discharge  valve.  The  inlet  valve  is 
controlled  by  a  forked  arm,  mounted  upon  the  rocker  shaft  inside 
the  valve  chamber  and  extending  out  over  the  valve.  The  valve 
spindle,  provided  with  a  spiral  spring,  passes  between  the  arms  of 
the  fork,  which  is  raised  and  depressed  according  as  the  valve  is 
to  be  closed  or  opened.  A  similar  arm  upon  the  same  rocker  shaft 
operates  the  discharge  valve,  though  of  course  in  a  reverse  sense- 
The  valve  as  originally  designed  by  Riedier  has  undergone  modifica- 
•Ibid,  p.  5}. 
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Fig.  25. 


tion  in  sotneof  its  details.  One  form  has  two  entirely  distinct  parts: 
the  body  of  the  valve,  or  "  catcher,"  and  a  light  ring  which  forms 
the  seating  part.     This  ring  is  a  thin  steel  disc  lying  loosely  be- 
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tween  the  catcher  arid  the  valve-seat.  The  catcher,  which  is 
operated  positively  by  the  fork,  merely  guides  and  limits  the 
movement  of  the  loose  valve  ring.  When  the  catcher  is  with- 
drawn by  the  pressure  of  the  fork  against  the  spiral  spring,  just  be- 
fore the  end  of  the  piston  stroke,  the  loose  ring  still  remains 
seated ;  then  on  the  reversal  of  the  stroke  the  ring  is  instanta- 
neously lifted  by  atmospheric  pressure,  places  itself  against  the 
catcher,  and  remains  there  until  the  end  of  the  stroke.  It  is  then 
forced  upon  its  seat  promptly  by  the  fork  and  catcher.  To  guard 
against  breakage  due  to  any  inaccuracy  in  the  movements  of  the 
closing  fork,  which  might  result  from  wear  of  the  parts,  another 
spring  is  provided.  This  is  mounted  upon  the  valve  stem,  be- 
tween the  fork  and  the  top  of  the  catcher,  and  allows  for  slight  varia* 
tions  of  movement.  The  use  of  the  light  independent  valve  ring, 
which  is  moved  by  a  very  slight  difference  of  pressure,  constitutes 
one  of  the  Important  features  of  the  Riedler  valve. 

Latterly  several  alterations  have  been  introduced  to  render 
smoother  the  working  of  the  valves,  and  to  make  them  easier  of 
access  for  adjustment.  In  a  recent  design  by  Fraser  and  Chalmers 
the  closed  valve  chambers  of  the  ends  of  the  cylinder  are  done 
away  with,  and  the  rocker  shafts,  with  their  forks,  are  outside,  so 
as  to  be  readily  reached. 

Norwalk  Valve.  Since  l88l  the  builders  of  the  Norwalk  com- 
pressor have  used  successfully  an  adaptation  of  the  Corliss  valve 
gear,  '  One  inlet  and  one  discharge  valve  are  set  in  chests  at  each 
end  of  the  low  pressure  or  intake  cylinder.  The  main  valve  rod, 
a  (Fig.  26),  is  driven  by  a  drag  or  return  crank,  b,  attached  to  the 
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main  crank  pin.  The  rod  connects  with  a  lever,  c,  operating  the 
forward  inlet  valve,  and  from  this  lever  a  shorter  rod,  d,  passes  to  a 
corresponding  connection  with  the  inlet  valve  at  the  other  end  oi 
the  cylinder.  Still  other  links,  e,  pass  from  each  inlet  lever  to  the 
respective  discharge  valves.  An  important  detail  of  this  valve 
motion  is  the  cams,/,/,  which  form  a  part  of  the  valve  levers.  The 
cams  of  each  pair  of  valves,  inlet  and  discharge,  work  together, 
rotating  the  valves  in  opposite  directions.  They  arc  so  shaped  as 
to  roll  upon  each  other  as  the  connecting  links, «,  move  the  valves. 
This  device  does  away  with  the  necessity  for  springs  and  makes 
the  whole  movement  accurate  and  positive.  For  the  high-pres- 
sure air  cylinder  of  the  Norwalk  compresser  the  valves  are  of  the 
poppet  pattern. 

IngcnoU- Sergeant  Piston  Inlet  Valve.    In  the  Ingersoll-Sergeant 
compressor  the  inlet  valves  are  placed  in  the  piston  (Fig.  27).  The 
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piston  is  hollow,  and  into  its  rear  end  is  screwed  a  hollow  back 
piston  rod  passing  out  through  a  stufHng  box  in  the  back  cylinder 
head.  There  are  two  large  ring-shaped  valves,^,  g,  made  of  com- 
position metal,  one  on  each  side  of  the  piston.  (See  also  the  per- 
spective cut  V.)  These  valves  rest  in  their  seats  without  springs  or 
other  connection,  except  that  in  the  piston  casting  there  are  sev- 
eral small  studs  which  extend  through  slots  in  the  valve  ring. 
While  the  compressor  is  running  the  air  is  drawn  in.  through  the 
hollow  piston  rod  in  an  almost  constant  stream,  passing  through 
either  valve  first  into  one  end  of  the  cylinder  and  then  into  the 
other.    At  the  beginning  and  end  of  each  stroke  the  valves  arc 
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alternately  opened  and  closed  by  their  own  inertia,  as  the  piston 
reverses  its  motion.  The  valve  in  that  face  of  the  piston  which  is 
toward  the  direction  of  movement  is  always  closed,  while  the  other 
is  open  for  the  passage  of  the  air  entering  through  the  hollow  rod 
at  e  into  the  cylinder  behind  the  piston.  On  account  of  the  large 
size  of  the  valves  their  throw,  or  lift,  is  only  about  one-quarter 
inch.  It  is  probable  that  during  admission  there  is  a  less  differ, 
ence  between  the  pressure  of  the  air  taken  into  the  cylinder  and 
the  atmospheric  pressure  than  with  any  form  of  spring  controlled 
valve,  for,  meeting  with  no  resistance  due  to  springs,  the  air  enters 
freely.  Moreover,  "  at  the  moment  when  the  end  of  the  stroke  is 
reached  the  inflow  of  air  is  suddenly  stopped,  and  the  momentum 
of  the  column  of  air  in  the  inlet  pipe  causes  it  to  act  as  a  rammer 
upon  the  body  of  air  in  advance  of  it,  thus  actually  raising  the  air 
pressure  within  the  cylinder  above  the  pressure  without"*  In 
other  words,  the  compression  begins  with  a  greater  weight  of  air  in 
the  cylinder  than  when  other  methods  of  admission  are  employed. 
These  valves  wear  well,  and  their  use  permits  a  moderately  high 
piston  speed.  Three  advantages  of  the  piston  inlet,  in  addition  to 
those  noted  above,  may  be  mentioned :  i.  The  cylinder  castings  are 
simplified.  2.  The  space  in  each  cylinder  head  formerly  occupied 
by  poppet  inlet  valves  is  now  devoted  to  additional  water-jacket 
area,  just  where  the  air  pressure  and  development  of  heat  are 
greatest.  3.  The  number  of  moving  and  wearing  parts  is  reduced. 
Arrangements  for  Admitting  Inlet  Air  to  tfie  Compressor.  It  is  of 
great  importance  that  the  inlet  air  shall  be  as  cool  as  possible. 
The  colder  the  air  the  smaller  the  volume  occupied  by  a  given 
weight  of  air  taken  into  the  compressor  and  the  greater  the  out- 
put. Taking  in  warm  air  involves  loss  of  capacity  and  of  economy 
in  production.  Mr.  Frank  Richards  points  this  out  in  a  convinc- 
ing and  simple  way.f  "  The  volume  of  air  at  common  tempera- 
tures varies  directly  as  the  absolute  temperature.  With  the  air 
supply  at  60°  its  absolute  temperature  is  521°,  and  its  volume  will 
increase  or  decrease  -^  for  each  degree  of  rise  or  fall  of  tempera- 
ture. Therefore,  if  in  securing  the  supply  of  air  we  can  get  a  dif- 
ference in  our  favor  of  5°  *  *  *  we  accomplish  a  saving  of  about 
I  per  cent.  If  a  difference  of  temperature  of  10°  can  be  secured  2 
per  cent,  is  saved,"  practically  without  cost.    The  practice  of  tak- 

*  Efig,  and  Min,  Jour,^  March  23,  1895,  p.  270. 
f  Compressed  Air,  p.  55< 
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ing  air  from  the  engine  room  is  a  common  one  at  mines,  and  is  bad, 
not  only  because  such  air  is  usually  heated  to  a  considerable  de- 
gree, but  also  because  it  is  apt  to  be  charged  with  dust  which 
causes  unnecessary  wear  of  valves  and  piston. 

Some  means  should  be  provided  to  convey  to  the  compressor 
fresh  air,  taken  preferably  from  some  point  outside  of  the  building. 
A  box  or  pipe  of  wood  is  better  than  one  of  iron,  because  of 
the  smaller  conductivity  of  wood.  Its  cross-section  should  be  suf- 
ficient, say  at  least  one-half  the  area  of  the  cylinder,  to  avoid  loss 
from  friction.  To  make  such  a  connection  conveniently  the  inlet 
valves  should  be  enclosed  in  a  sort  of  external  air  chest  on  each 
end  of  the  cylinder,  such  as  that  of  the  Norwalk  compressor.  Some 
compressors  are  not  well  adapted  for  making  this  arrangement. 
Of  course  in  winter  a  greater  saving  can  be  effected  than  in  sum- 
mer, but  even  in  warm  weather  some  advantage  is  gained,  especi- 
ally if  the  air  conduit  opens  on  the  north  side  of  the  building,  out 
of  reach  of  the  sun. 

Discharge  or  Delivery  Valves. 

As  the  discharge  valves  are  for  the  passage  of  the  air  after  com- 
pression, a  less  total  area  is  required  than  for  the  inlet  valves,  but 
they  must  not  be  too  small  or  the  friction  will  become  excessive. 
It  is  important  also  that  they  should  not  leak,  since  the  passage  of 
even  a  small  quantity  of  compressed  air  back  from  the  receiver 
pipe  into  the  cylinder  would  be  equivalent  to  the  loss  caused  by  a 
large  clearance  space. 

Dischai^e  valves  are  usually  of 
the  poppet  type,  as  has  been  noted 
in  the  foregoing  description  of  the 

various  valve  movements.     While  " 

they  differ  somewhat  in  detail  the 
same  general  principle  is  followed 
by  nearly  all. 

One  of  the  commonest  forms  is 
the   cup-shaped   poppet,  with   an 
internal  spring  (Fig.  28).    Some- 
times   the    spring    encircles    the  Fig.  a8, 
valve.     To  make  it  easier  to  keep 

them  tight  the  seating  surfaces  are  of  brass,  and  coned  like  the 
inlet  valves.     Several  discharge  valves  are  usually  employed,  en- 
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closed  in  chambers  with  which  is  connected  the  pipe  leading  to  the 
air  receiver.  To  render  the  valves  readily  accessible  they  are  cov- 
ered by  caps  screwed  into  the  cylinder  head,  and  can  be  removed 
separately  for  repairs  and  regulation  of  the  spring. 

In  the  Norwalk  compressor,  as  has  been  seen,*  the  Corliss  pat- 
tern is  used  for  discharge  as  well  as  for  inlet  valves,  except  in  the 
high-pressure  cylinder,  where  poppet  valves  are  employed.  With 
the  Rand  mechanical  valve  gearing  the  discharge  valves  do  not 
differ  in  general  form  from  the  inlet  valves.  The  same  similarity 
in  principle  between  inlet  and  discharge  valves  is  to  be  noted  in  the 
rubber  ring  valves  of  the  Humboldt  compressor  (Fig.  21)  and  in 
the  mechanically  controlled  Riedler  valves. 

It  should  be  observed  that  mechanical  contrast  of  the  discharge 
valves  is  unsatisfactory  under  certain  circumstances.  If  the  air 
pressure  in  the  receiver  be  subject  to  considerable  fluctuations,  due 
to  irregularity  in  using  the  air,  the  receiver  pressure  at  times  will 
be  below  the  pressure  in  the  cylinder  at  the  end  of  the  stroke. 
That  is,  the  valves  may  be  subjected  from  within  to  a  heavy  pressure, 
but  are  prevented  from  opening  until  the  controlling  mechanism 
is  released.  Then,  when  the  valve  is  permitted  to  open  the  pres- 
sure drops  suddenly  to  that  in  the  receiver.f  This  difficulty  is  in 
part  overcome  by  the  use  pf  air-pressure  regulators,  described 
hereafter.  It  is  also  avoided  in  the  Riedler  and  the  Halsey  valve 
movements,  in  which  the  opening  is  governed  by  the  air  pressure 
and  not  by  the  mechanical  gear. 

Air  Receivers. 

An  air  receiver  is  used  almost  invariably  in  connection  with 
compressors.  It  consists  of  a  cylindrical  plate,  iron  or  steel  shell, 
resembling  a  steam  boiler  in  construction.  Its  size  varies  from  say 
30  in.  diameter  by  6  ft.  long  up  to  48  in.  diameter  by  12  or  16  ft. 
long  (Fig.  29).  It  should  be  placed  not  over  50  ft.  from  the  com- 
pressor, and  may  be  set  either  vertically  or  horizontally.  Atten- 
tion should  be  given  to  arranging  the  inlet  and  outlet  pipes  in 
proper  relative  position.  If  directly  opposite  and  pointing  to- 
wards each  other  a  strong  current  is  caused,  which  greatly  reduces 
the  usefulness  of  the  receiver  in  cooling  and  draining  the  air.  A 
good  plan  is  to  make  the  inlet  connection  on  one  side  near  the 

♦April  number  of  the  Quarterly,  p.  201,  Fig.  3. 

f  Goodman,  Trans.  Fed.  Inst.  M.  £,,  Vol.  VII.,  p.  239. 
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end,  &ad  the  outlet  at  the  center  or  the  head  at  the  other  end.  Or, 
as  shown  by  the  cut  (Norwalk  receiver),  both  pipes  may  enter  near 
the  top,  but  the  outlet  is  carried  through  the  receiver  (sec  dotted 
lines)  nearly  to  the  bottom.  The  outlet  pipe  should  take  air  from 
near  the  bottom,  where  it  is  likely  to  be  slightly  cooler. 

The  principal  functions  of  the  receiver 
are;  (1)  to  compensate  for  the  pulsating 
effect  produced  by  the  strokes  of  the  com- 
pressor; (2)  to  coot  the  air  as  much  as  pos- 
sible before  it  enters  the  main ;  (3)  to  pre- 
vent rapid  fluctuations  of  pressure  and  ex- 
cessive friction,  due  to  irregularity  in  the  ~A^/v 
use  of  the  air ;  (4)  with  wet  receivers,  to 
drain  ofT  the  water  carried  over  with  the 
compressed  air.  In  the  receiver  the  veloc- 
ity of  the  air  is  greatly  reduced,  so  that 
it  has  opportunity  to  cool  somewhat  and 
to  deposit  a  part  of  the  moisture  in  sus- 
pension which  otherwise  would  be  conveyed 
into  the  main.  Even  with  dry  compressors 
a  little  water  collects  in  the  receiver  from 
the  natural  moisture  of  the  atmosphere, 
especially  during  warm  weather.  At  in- 
tervals this  water  is  drained  off  at  the  bot- 
tom by  a  cock  provided  for  the  purpose. 
The  receiver  is  furnished  with  a  man-hole, 
pressure  gauge  and  usually  a  safety  valve 
with  a  weight  for  graduating  the  pressure 
as  desired.  Receivers  are  best  made  of 
steel  plate  to  stand  working  pressures  of 
ICX)  to  1 10  lbs.  per  sq.  in.  They  are  single- 
riveted  on  circular  seams,  double-riveted  on  Fio.  39. 
longitudinal  seams.  The  heads  are  usually 
dished,  sometimes  hemispherical.  It  is  customary  to  test  receivers 
with  say  165  lbs.  cold-water  pressure  for  working  up  to  1 10  lbs. 

A  receiver  acts  to  a  limited  extent  as  a  reservoirof  power.  But, 
to  be  of  any  real  service  in  this  way  its  capacity  must  be  large. 
For  example,  take  a  20-inch  compressor,  working  at  60  lbs. 
pressure  to  supply  air  for  a  regular  consumption.  To  enable  the 
receiver  to  meet  the  demand  for  only  one  minute  after  the  com- 
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pressor  stopped,  and  not  have  the  pressure  fall  more  than  15  lbs., 
it  would  have  to  be  5  ft.  diameter  by  50  ft.  long.  Again,  if  the 
compressor  were  running  at  a  constant  speed  and  the  demand  for 
air  should  suddenly  increase  25  % — as  might  happen  in  starting 
several  more  machine  drills — a  receiver  of  the  size  mentioned 
could  meet  the  extra  demand  only  four  minutes.*  It  is  thus  evi- 
dent that  while  a  receiver  is  useful  as  an  equalizer  within  certain 
limits,  yet,  unless  it  be  very  large,  the  pressure  might  quickly  run 
up  to  an  unreasonable  amount  in  case  of  an  unexpected  decrease 
in  consumption  of  air.  Long  pipes  of  large  diameter  assist  in 
equalizing  the  flow  of  air,  but  their  use  does  not  preclude  the 
necessity  of  receivers,  and  it  is  much  cheaper  to  employ  piping  of 
moderate  size. 

Underground  Receivers.  When  the  air  main  is  very  long  it  is 
advisable  to  place  a  second  receiver  near  the  place  where  the  air 
is  being  used.  A  more  uniform  pressure  is  in  this  way  maintained, 
and  as  excessive  fluctuation  in  the  velocity  of  flow  is  avoided,  the 
friction  and  consequent  loss  of  pressure  between  the  two  receivers 
become  practically  constant.  Underground  receivers  are  not  often 
used  for  air  drills  alone,  but  they  became  a  necessity  when  large 
machines,  such  as  pumps  and  hoists,  are  run  by  compressed  air. 
They  are  useful,  moreover,  in  permitting  a  further  deposition  of 
moisture  from  the  air. 

In  construction  underground  receivers  are  usually  similar  to 
those  at  the  compressor.  At  the  Mansfeld  copper  mines,  Germany, 
another  method  of  construction  has  been  adopted.  Chambers  are 
excavated  in  the  rock,  all  loose  stone  removed,  and  the  walls  ce- 
mented tight.  The  chamber  is  closed  by  a  brick  dam  composed 
of  two  parallel  walls,  with  a  2-inch  layer  of  cement  between  them. 
In  the  dam  are  set  a  20-inch  cast-iron  man-hole  pipe  with  suitable 
cover,  several  pipes  for  connecting  with  mains  to  the  various  work- 
ing places,  and  a  drain  pipe  and  cock  close  to  the  floor.  A  pres- 
sure gauge  is  attached  to  the  man-hole  cover.  This  reservoir  is 
said  to  have  cost  only  one-third  as  much  as  an  iron  receiver.* 

Air-Pressure  Regulators. 

In  most  cases  compressors  for  mine  use  are  employed  in  fur- 
nishing air  for  rock  drills.     When  running  at  a  moderate  speed 

♦  Norwalk  Iron  Works  Catal.,  1896,  p.  51. 

*  Foster,  Ore  and  Stone  Mining,  p.  169.  Abstract  Zeitschrift  fUr  das  Berg-,  HUt- 
ten-  und  Salinen-Wesen,  Vol.  XLI.,  18  3,  p.  119. 
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the  compressor  should  be  large  enough  to  supply  the  necessary 
volume  of  air,  at  the  proper  pressure,  for  all  the  machines  intended 
to  be  kept  at  work.  But  rock  drills  are  always  operated  more  or 
less  intermittently,  so  that,  unless  a  large  number  of  them  are  sup- 
plied from  the  same  plant,  the  rate  of  consumption  of  air  will  vary 
considerably,  and  at  a  constant  compressor  speed  the  receiver 
pressure  will  fluctuate.  When  the  demand  is  small,  or  ceases  al- 
together, the  pressure  rises  rapidly  and  the  compressor  must  be 
stowed  down,  or  air  will  be  blown  off  at  the  safety  valve  of  the  re- 
ceiver. To  prevent  such  loss  of  work,  and  to  relieve  the  engineer 
of  the  close  attendance  required  for  regulating  the  speed  of  the 
compressor  so  as  to  avoid  blowing  off  air,  automatic  pressure  reg- 
ulators, or  unloading  devices,  are  employed.  They  are  arranged  to 
control  the  admission  of  steam,  shutting  it  off  automatically  when 
the  pressure  reaches  the  fixed  limit,  and  admitting  it  again  when 
increase  of  consumption  causes  the  pressure  to  fall.  The  follow- 
ing regulating  devices  may  be  taken  as  examples. 

Clayton  Air  Governor.    In  one  form  of  this  governor  the  main 
steam  pipe  is  provided  with  a  special  throttle  (Fig.  30a),  resem- 
bling a  safety  valve  in  having  a  lever  and  weight,  d,  connected  with 
the  valve  stem,  c.    Close  alongside  of  the  throttle  valve,  and  for  con- 
venience clamped  upon  the  main  steam  pipe,  d,  is  a  small  air 
cylinder,  e,  the  upper  end  of  whose 
piston  rod   is   pinned  at  /  to   the 
weighted  lever.    Entering  the  bot- 
tom of  this  air  cylinder  is  a  small 
pipe,  g,  from  the  air  receiver.  When 
the  pressure  in  the  receiver  exceeds 
the  assigned  limit    the    weighted 
lever   is  raised    and  partially,  or 
wholly,  closes  the  steam  throttle,  a. 
Then,   when  the   air  pressure   has 
been  reduced  by  the  slowing  down 
of  the  compressor,  and  by  consump- 
tion  of  air  from  the  receiver,  the 
weight  falls  and  reopens  the  throttle. 

Another  form  of  regulator,  shown 
in  section  by  Fig.  31,  is  also  some- 
times used  on  Clayton  compreaosrs.      The  stem  of  the  throttle,  A, 
is  provided  with  a  ball  governor  whose  action  is  controlled  by 
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the  introduction  of  the  weighted  lever,  /,  and  the  small  air  cylinder, 
y,  which  are  similar  to  those  in  Fig.  30.  Air  from  the  receiver  en- 
ters the  cylinder,/,  at  k  and,  raising  the  piston  and  weight,  shuts  off 
steam  by  forcing  down  the  throttle  valve,  //,  the  pressure  of  the 
lever  being  applied  at  the  point,  /.  The  governor  may  be  adjusted 
to  its  work  by  the  spring  and  thumb-screw,  /«,  acting  on  the  small 
lever  «,  which  tends  to  keep  open  the  throttle  against  the  down- 
ward pressure  of  the  weighted  lever,  /,  upon  the  valve  stem.  The 
spring,  Oy  is  introduced  to  ease  the  drop  of  the  weight  when  the  air 
pressure  falls. 

Notwalk  Pressure  Regulator,  In  the  main  steam  pipe  is  placed  a 
balanced  throttle  valve,  Fig.  32  a.  Attached  above  this  valve  is  a 
small  air  cylinder,  b,  the  piston  rod  of  which  is  a  prolongation  of 
the  valve  stem,  c.  At  the  side  of  the  cylinder,  ^,  is  a  spring  safety 
valve,  dy  connected  by  a  pipe,  ^,  with  the  receiver,  or  with  the  air 
main  leading  to  it.  By  means  of  a  hand-wheel,  /,  on  the  safety 
valve  the  spring  is  adjusted  so  that  the  air  will  lift  the  valve,  and 
pass  through  it,  at  any  desired  pressure.  When  the  receiver  pres- 
sure exceeds  this  limit  the  safety  valve,  d,  rises  and  allows  air  to 
pass  under  the  piston  in  the  small  cylinder,  ^,  raising  it  and  partly 
closing  the  throttle.  If  no  escape  were  provided  the  piston  would 
be  forced  at  once  to  the  top  of  the  cylinder.  To  regulate  its 
movement  and  prevent  shutting  off*  the  steam  completely,  a  very 
narrow  verticle  slot  is  cut  in  the  side  of  the  cylinder.  As  the  pis- 
ton rises  more  and  more  of  this  slot  is  uncovered  and  furnishes  an 
escape  for  the  air  passing  into  the  cylinder.  The  slot  being  very 
small  a  slight  difference  in  the  quantity  of  air  causes  the  piston  to 
assume  a  high  or  low  position.  In  this  way  the  throttle  is  moved, 
controlling  the  admission  of  steam  and  the  compressor  speed. 
As  the  air  pressure  falls  the  valve  begins  to  open  again.  To  pre- 
vent the  small  piston  from  rising  too  far  and  stopping  the  com- 
pressor by  completely  closing  the  throttle,  a  screw  stop  g  is  set  in 
the  top  of  the  regulating  cylinder,  b.  This  can  be  so  adjusted  that 
j  ust  enough  steam  is  admitted  to  turn  the  compressor  over  its  cen- 
ters. In  a  later  form  of  the  Norwalk  regulator  the  slot  in  the  side 
of  the  cylinder,  b,  is  replaced  by  a  slot  in  the  stem,  or  piston  rod 
of  this  cylinder,  as  shown  by  Fig.  33. 

These  regulators  are  simple  and  effective,  but  do  not  entirely 
provide  for  the  case  when,  for  a  time,  no  air  at  all  is  being  drawn 
from  the  receiver.    The  air  pressure  must  then  be  relieved  by 
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blowing  off  at  the  receiver  safet>'  valve,  or  else  the  compressor 
must  be  stopped  by  the  engineer.  This  difficulty  is  met  under 
ordinary  circumstances  by  the  regulator  described  below, 

IngersoU- Sergeant  Regulator.     A  weighted  safety  valve,  a  (Fig. 
34),  is  attached  directly  to  the  shell  of  the  air  cylinder.    It  has 


Fig.  34. 

four  pipe  connections  as  shown:  b  leads  to  a  balanced  throttle 
valve  in  the  main  steam  pipe,  c  connects  with  the  air  receiver,  and 
d  and  e  with  two  discharge  valves,  one  at  each  end  of  the  cylinder. 
The  stem  of  the  steam  throttle,/,  is  a  continuation  of  the  piston  rod 
of  a  small  horizontal  air  cylinder,^,  which  is  attached  to  the  side 
of/!  Behind  the  piston  of  this  little  cylinder  enters  the  air  pipe,  ^. 
When  the  pressure  in  the  receiver  becomes  too  great  the  safety 
valve,  a,  rises,  and  exhausts  the  air  behind  the  two  valves  which  are 
connected  by  the  pipes,  d  and  e.  This  admits  air  at  receiver  pres- 
sure into  each  end  of  the  main  cylinder,  thus  balancing  the  pres- 
sure on  the  two  sides  of  the  piston  and  unloading  the  engine.  At 
the  same  time  the  air  in  the  little  cylinder,^,  is  also  exhausted,  so 
that  the  throttle  valve,  f,  moves  to  the  right  and  admits  only 
enough  steam  to  keep  the  compressor  slowly  turning.  When  the. 
compressor  is  thus  unloaded  no  work  is  done;  the  air  is  merely, 
circulated  through  the  pipes,  d  and  e,  from  one  end  of  the  cylinder 
tp  the  other,  until  more  air  is  drawn  from  the  receiver  and  the 
pressure  reduced.    Then  the  safety  valve,  a,  closes  and  the  pipes, 
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d  and  e^  are  again  filled  with  compressed  air.  The  steam  throttle 
is  also  forced  open  by  the  pressure  through  the  pipe,  b^  and  com- 
pression goes  on  regulary.     Fig.  35,  though  not  an  exact  card. 


I 


/ 

/ 
/ 


Fig.  35. 


represents  a  diagram  taken  from  the  unloaded  air  cylinder  of  an 
Ingersoll-Sergeant  compressor  during  the  action  of  the^air  pres- 
sure regulator. 

Conveyance  of  Compressed  Air  Through  Pipes. 

Certain  lossses  due  to  friction  take  place  in  conveying  com- 
presssed  air  through  lines  of  piping,  and  the  proper  diameter  of 
the  pipe  is  a  matter  of  importance.  These  losses  appear  in  two 
ways :  as  loss  of  pressure  or  head,  indicated  by  difference  in  gauge 
reading  at  the  ends  of  the  line,  and  as  loss  of  power. 

First,  for  short  distances  the  loss  of  pressure  may  be  considered  as 
taking  place  according  to  the  laws  governing  the  flow  of  all  fluids, 
varying  directly  as  the  length  of  pipe,  directly  as  the  square  of  the 
velocity,  and  inversely  as  the  diameter  of  the  pipe.  But  for  long 
distances  the  application  of  these  laws  becomes  somewhat  complex. 
In  addition  to  the  factors  just  given^  it  is  necessary  to  take  into  ac- 
count the  volume  and  pressure  of  the  air  and  the  diflference  be- 
tween the  pressures  at  the  receiver  and  at  the  end  of  the  pipe  line. 
All  are  more  or  less  interdependent.  The  elements  of  the  problem 
are  well  set  forth  in  the  following  quotation  :*  **  The  flow  of  air 
being  assumed  to  be  uniform  at  the  entrance  to  the  pipe,  the  rate 
of  flow  is  not  constant  for  the  whole  length  of  the  pipe,  nor  in- 
deed  for  any  point  but  the  beginning  of  it.  As  the  air  may  be 
said  to  carry  in  itself,  in  its  elasticity,  its  own  means  of  propulsion, 

♦Frank  Richards,  Compressed  Air,  p.  112. 
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some  or  which  it  is  using  as  it  goes  along,  it  is  constantly  losing 
some  of  its  pressure,  and  its  volume  is,  therefore,  constantly  in' 
creasing.  If  the  quantity  of  air  entering  the  pipe  is  to  continue  tc 
flow  through  it,  the  linear  velocity  of  flow  must  be  constantly  ac. 
celerated  on  account  of  this  increase  of  volume.  This  also  modi' 
fies  the  use  of  the  length  of  the  pipe  as  a  constant  factor.  It  woulc 
be  natural  to  assume,  as  in  the  formulas  in -general  use  it  is  as 
sumed,  that  if  a  certain  head  were  sufficient  to  maintain  a  certait: 
flow  for  a  given  length  of  pipe,  double  the  head  would  be  sufHcieni 
for  double  the  length.  But  that  could  not  be  so,  for  in  the  seconc 
length  all  the  head  that  propelled  the  air  through  the  first  lengtV 
has  disappeared ;  therefore  the  volume  is  now  greater  through  the 
loss  of  that  pressure,  and,  as  the  velocity  is  also  greater,  it  must 
require  more  additional  head  for  the  second  length  than  was  re- 
-  qwirod  ffM*  the  first." 

A  similar  course  of  reasoning  applies  to  the  question  of  diam- 
eter of  pipe.  The  actual  discharge  capacity  of  piping  is  not  pro- 
portional to  the  cross-sectional  area  alone — that  is,  to  the  square 
of  the  diameter.  Although  the  periphery  is  directly  as  the  diam- 
eter, the  interior  surface  resistance  is  proportionally  much  greatei 
in  a  small  than  in  a  lai^ge  pipe,  because  as  the  pipe  becomes  largei 
the  ratio  between  area  and  perimeter  increases.  To  pass  a  givec 
volume  of  compressed  air  a  i-inch  pipe  of  given  length  require: 
over  three  times  as  much  head  as  a  3-inch  pipe  of  the  sami 
length.  The  character  of  the  pipe,  also,  and  the  condition  of  iti 
inner  surface,  have  much  to  do  with  the  friction  developed  by  the 
flow  of  air.  Besides  imperfections  in  the  surface  of  the  metal,  the 
irregularities  incident  upon  coupling  together  the  lengths  of  pipe 
must  increase  friction.  Furthermore,  each  bend  or  elbow  has  tb 
retarding  efTect. 

The  following  formula  for  calculating  the  friction  of  air  in  pipe: 
is  given  by  Frank  Richards,  •■  Compressed  Air,"  p.  i  I  j  : 


10,000  L^a 

D  —  diamete  of  pipe  in  inches. 
L  ■■  lengHi  of  pipe  in  feet. 

V  ^  volume  of  compressed  air  delivered  in  cubic  feet   pei 
minute. 
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H  =s  head  or  difference  of  pressure  required  to  overcome  fric- 
tion and  maintain  the  iiow. 
a  as  coefficient. 


VALUES    OF  a   FOR 

DIFFERENT    NOMINAL    DIAMETERS  OF   WROUGHT- 

• 

IRON    PIPE. 

\"        *     .     .  0.350 

2j4"  .  ,  .  0.650 

5".    .    .0.934 

ly^" .  .  •  0.500* 

3"      ...  0.730 

6"  .    .   .  i.ooo 

i^".  .  .0.662* 

lYt^'  ;    .    •  0.787 

8"  .    .    .  1. 125 

2"     ..-r.    .0.565 

4"       ..    .    .  0.840 

10"  .   .    .  1.200 

• 

12"  .    .    .  1.260 

Owing  to  the  uncertain  conditions  under  which  air  flows  in  pipes 
the  resultd  obtained  from  formulas  are  only  approximately  correct; 
the  approximation  is  generally  near  enough  for  practical  purposes, 
but  there  are  so  few  reliable  data  that  the  influences  by  which  the 
values  of  some  of  the  factors  may  be  modified  are  not  fully  under- 
stood.- However,  the  loss  of  pressure  in  transmission  is  small  as 
compared  with  other  losses  encountered  in  the  compression  of  air 
and  in  its  use,  and  may  almost  be  neglected  if  piping  of  reasonable 
size  be  employed. 

To  obtain  the  best  results  the  velocity  of  flow  in  the  main  air- 
pipes  should  not  exceed  20  feet  per  second.  By  using  piping  large 
enough  to  keep  down  the  velocity  the  friction  loss  may  be  almost 
eliminated.  For  example,  at  the  Hoosac  tunnel,  in  transmitting 
about  175  cubic  feet  of  air  per  minute,  at  a  pressure  of  60  lbs. 
through  an  8-inch  pipe  7,150  feet  long,  the  average  loss  was  only 
2  lbs.  A  volume  of  78  cubic  feet  of  air  per  minute,  at  60  lbs.  pres- 
sure, loses  by  friction  3.35  lbs,  in  passing  through  1,000  feet  of  3- 
inch  pipe,  but  if  the  same  volume  be  passed  through  a  6inch  pipe 
of  the  same  length  the  loss  of  pressure  is  reduced  to  .^^  lbs. 

A  due  regard  for  economy  in  installation,  however,  must  limit 
the  use  of  very  large  piping,  the  cost  of  which  should  be  considered 
in  relation  to  the  cost  of  air  compression  in  any  given  case.  Diam- 
eters of  from  4  to  6  in.  for  the  air  mains  are  large  enough  for  any 
ordinary  mining  practice.     Up  to  a  length  of  3,000  feet  a  4-inch 

♦The  actual  diameters  of  \%"  and  i^"  wrbught-iron  pipe  are  1.38"  and  1.61" 
respectively.  Therefore,  their  values  of  a  are  not  consistent  with  the  values  for  the 
other  sizes  of  pipe.     Richards,  p.  116. 
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pipe  will  carry  per  minute  480  cu-  ft  of  free  air,*  compressed  to 
82  lbs.,  with  a  loss  of  only  2  lbs.  pressure.  This  volume  of  air  will 
run  six  3-inch  drills.  Under  the  same  conditions  a  6-inch  pipe, 
5,000  feet  long,  will  carry  1,100  cu.  ft.  of  free  air  per  minute, 
enough  for  1 3  drills.  The  table  on  following  page,  published  in  the 
catalogue  of  the  Norwalk  Iron  Works  Company,  will  be  found  useful. 
A  mistake  is  often  made  in  putting  in  branch  pipes  of  too 
small  a  diameter.  For  a  distance  of  say  lOO  feet  a  i^-inch  pipe 
is  small  enough  for  a  single  drill,  though  i-inch  is  frequently 
used.  In  making  short  connections  it  is,  of  course,  admissible  to 
increase  the  velocity  of  flow  considerably  beyond  20  feet  per  sec- 
ond Fig.  36  shows  in  a  convenient  form  the  relations  between 
length  of  piping,  volume  of  air  and  loss  of  pressure.f 
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*"  Free  air  "  is  air  at  atmospheric  pressure.     In  most  tables  the  volumes  of  air  re- 

•quired  for  rock  drills  and  other  machines  are  given  in  terms  of  free  air.    Volumes  of 

free  air  are  easily  converted  into  corresponding  volumes  of  compressed  air  by  dividing 

by  the  absolute  pressure  in  terms  of  atmospheres.    Thus,  a  volume  of  600  cil  ft.  of  free 

600^  I  c 
air  when  compressed  to  80  lbs.  gauge  pressure  is  reduced  to        ,      ■  =  94.7-!-  cu.  ft 

\  Goodman :  Trans.  Fed.'  Inst.  M.  £.,  Vol.  VIl.,  No.  2,  p.  243. 
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Second.  Small  as  Is  the  reduction  of  pressure  due  to  friction, 
the  actual  loss  of  power  is  still  smaller.  This  is  so  because  the 
compressed  air  increases  in  volume  as  its  pressure  diminishes,  thus 
producing  a  certain  amount  of  compensation.  The  loss  of  head 
may  easily  be  two  or  three  times  the  actual  loss  of  power.  It  is 
probable  that  in  practice  much  of  the  power  loss  experienced  is 
due  to  leakage  from  pipes.  Air  leaks  are  more  expensive  than 
steam  leaks  because  of  the  losses  already  suffered  in  compressing 
the  air.  All  joints  in  air  mains  and  branches  should  be  carefully 
made.  To  render  the  piping  readily  accessible  for  inspection  and 
stoppage  of  leaks  it  should  not  be  buried,  but,  if  possible,  carried 
in  boxes;  or,  if  underground,  it  should  be  supported  upon  brack- 
ets in  the  mine  workings. 

For  long  lengths  of  piping  expansion  joints  are  required,  par- 
ticularly when  on  the  surface.  Underground  they  are  not  re- 
quired, as  the  temperature  is  usually  nearly  constant,  except  in 
shafts,  or  elsewhere,  where  there  may  be  considerable  variations 
of  temperature  between  summer  and  winter. 

Air  mains  may  be  of  cast  or  wrought  iron.  If  of  wrought  iron, 
as  is  cnstomary,  the  lengths  are  connected  by  cast-iron  flanges 
into  which  the  ends  of  the  pipe  are  expanded  or  screwed.  Wrought- 
iron  spiral-seam  riveted,  or  spiral-weld  steel,  tubing  is  sometimes 
used.  It  is  made  in  lengths  of  20  feet  or  less.  For  convenience 
of  transport  rolled  sheets  in  short  lengths  may  be  had.  They  are 
punched  around  the  edges,  ready  for  riveting,  and  are  packed 
closely,  4,  6  or  more  sheets  in  a  bundle. 

Freezing  of  Moistuke. Deposited  from  Compressed  Air. 
Reference  has  been  made  to  the  trouble  sometimes  caused  by 
the  congelation  of  the  moisture  carried  in  and  deposited  from  com- 
pressed air.  The  air  from  wet  compressors  usually  contains  more 
moisture  than  that  from  dry  compressors,  though  all  compressed 
air  carries  some  moisture.  With  dry  compressors  the  humidity  of 
the  intake  air  largely  determines  the  amount  of  water  carried  into 
the  pipes.  The  capacity  for  the  absorption  of  water  of  a  given 
volume  of  air  depends  upon  the  temperature  of  the  air.  At  a  uni- 
form temperature  this  capacity  is  constant,  and  for  the  same  vol- 
ume is  independent  of,^e  pressure.  But,  if  a  certain  amount  of 
moist  atmospheric  air  be  compressed- isothermally,  say  to  -^  of  its 
original  volume,  its  water  capacity  is  also  reduced  to  i^g,  and  /^  of 
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the  water  originally  carried  in  the  air  is  deposited.  Therefore, 
while  the  water  capacity  of  a  given  volume  of  air  varies  with  the 
temperature,  it  must  change  also  with  any  increase  or  decrease  of 
the  pressure  which  changes  its  volume. 

Certain  conditions  are  required  to  cause  freezing  of  compressed 
air :  deposited  moisture  must  be  present,  and  must  be  subjected 
to  a  temperature  below  the  freezing  point  So  long  as  the  tem- 
perature does  not  fall  low  enough  the  presence  of  moisture  can  do 
no  harm.  Although  one  of  the  recognized  functions  of  the  air 
receiver  is  to  permit  the  deposition  of  water  before  the  air  passes 
into  the  pipes,  still,  unless  the  receiver  be  extremely  large,  the  air 
must  leave  it  warm — sometimes  even  quite  hot — and  therefore 
carries  considerable  moisture  with  it.  To  prevent  freezing  all  sur- 
face piping  must  be  protected  from  frost.  Otherwise  the  effective 
cross-section  of  the  pipe  will  be  reduced,  or  it  may  even  freeze 
solid  by  the  gradual  accumulation  of  ice.  The  temperature  under- 
ground is  rarely  low  enough,  except  in  winter  in  cold  down-cast 
shafts,  to  make  such  protection  necessary. 

'  The  foregoing  naturally  refers  only  to  the  effect  of  externalxold 
during  transmission  upon  the  moist  compressed  air.  For  another 
reason,  however,  the  air  should  be  drained  of  water  as  completely 
as  possible  before  it  is  used.  When  the  air  is  finally  expanded  in 
the  rock  drill  or  air  motor,  intense  cold  is  produced  as  the  pres- 
sure falls  and  the  latent  heat  of  compression  is  absorbed.  It  is 
here  that  the  moisture  still  remaining  in  the  air  makes  its  appear- 
ance as  frost  and  causes  trouble.  Although  the  water  in  the  pipes 
may  be  readily  drained  away  under  the  proper  conditions,  the 
means  for  doing  it  are  often  neglected.*  The  difficulty  is  effectually 
overcome  by  introducing  an  underground  receiver  near  the  ma- 
chines using  the  air ;  that  is,  at  the  point  where  the  pressure  in 
the  pipe  has  reached  its  minimum  through  frictional  loss  of  head, 
and  where  the  temperature  of  the  compressed  air  has  become  nor- 
mal. If  the  air  main  be  led  into  such  a  receiver  the  water  already 
deposited  in  the  pipe  is  collected  and  may  be  drawn  off  at  inter- 
vals. 

At  the  Drummond  Colliery,  Nova  Scotia,  for  running  an  under- 
ground pump  by  compressed  air  two  receivers  are  used,  one  near 
the  pump,  and   another  300  feet  farther  back  on  the  pipe  line. 
The  air  pressure  in  the  main  from  the  surface  is  85  lbs.,  and  as  the 
ortions»of  the  cylinders  of  this  particular  pump  are  such  that 
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so  high  a  pressure  was  unnecessary  a  reducing  valve  was  put  in 
the  pipe  Just  before  reaching  the  first  receiver.  By  this  valve  the 
air  is  wire-drawn  to  reduce  the  pressure  to  45  lbs.,  which  results  in 
2  deposition  of  nearly  one-half  the  entrained  water,  in  addition  to 
that  already  deposited  in  the  pipes.  It  is  found  that  more  mois- 
ture collects  in  the  first  than  in  the  second  receiver,  and  by  this 
device  the  serious  difficulty  previously  encountered  from  freezing 
at  the  pump  has  been  entirely  overcome.*  The  temperature  lost 
by  the  reduction  of  pressure  to  45  lbs.  is  regained  before  the  air 
reaches  the  pump. 

It  should  be  stated  in  this  connection  that,  under  ordinary  cir- 
cumstances, compressed  air  at  a  low  pressure  is  likely  to  give  more 
trouble  from  freezing  than  at  high  pressures,  because  a  larger  vol- 
ume of  air  is  required  to  do  the  same  work  in  the  motor  cylinder, 
the  lower  pressure  affords  less  opportunity  for  removing  the  mois- 
ture, and  more  water  actually  passes  into  the  cylinder.f  For  the 
prevention  of  freezing  the  plan  of  carrying  a  very  small  steam  Jet 
over  the  exhaust  port  has  been  adopted,  but  obviously  could  be 
employed  only  when  steam  is  used  close  by  for  some  other  pur- 
pose. 

Using  Compressed  Air  Expansively. 

In  machine  rock  drills  the  air  is  admitted  to  the  cylinder  prac- 
tically throughout  the  full  stroke.  Expansive  working  is  not  ad- 
visable for  drills  because  strength  and  simplicity  of  mechanism  are 
of  the  first  importance  for  machines  subjected  to  such  rough  usage, 
and  because  of  the  difficulty  of  adapting  cut-off  gear  to  the  variable 
length  of  stroke  required.  But  when  larger  machines,  such  as 
underground  pumps,  hoists  and  other  stationary  plant,  are  oper- 
ated by  compressed  air,  greater  economy  is  attained  by  using  the 
air  expansively;  that  is,  by  cutting  off  admission  before  the  end 
of  the  stroke. 

It  is  evident  that  when  the  air  is  used  in  this  way,  like  steam,  a 
large  part  of  the  loss  of  heat  must  take  place  inside  of  the  cylinder, 
instead  of  outside  at  the  mouth  of  the  exhaust  port.  The  same 
total  fall  of  temperature  occurs  in  either  case,  whether  working  at 

*ThU  inlbniulioii  has  been  kincIJy  furnished  bjr  Mr.  Charles  Fergie,  SupL  of  the 
DmmiDODd  Colliery.  See  also  Mr.  Fergie's  article  on  the  subject,  la  TtaiuactJons 
Canadian  Hioiag  lost.,  iSg6,  of  which  m  abstract  woj  published  in  Ihe  Cvllitry 
Guardian,  Oclober  30,  1S96,  p.  t?3i. 

-j-  Frank  Ricbards,  Compressed  Air,  p.  155. 
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full  stroke  or  with  cut-ofT.  But,  in  exhausting  at  high  pressure,  as 
is  done  with  rock  drills,  the  exhaust  air  issues  from  the  port  at  a 
high  velocity,  and  its  force,  combined  with  the  development  of 
some  heat  from  friction,  in  a  measure  prevents  any  troublesome 
formation  of  ice.  It  is  confined  at  least  to  the  exterior  portion  of 
the  port,  whence  it  is  easily  removed  if  neceesary.  With  expan- 
sive working,  on  the  other  hand,  not  only  may  considerable  cold  be 
produced  inside  the  cylinder,  but  the  force  of  the  exhaust  is 
diminished  because  of  the  reduction  of  pressure  at  the  end  of  the 
stroke,  and  the  inner  portions  of  the  ports  are  liable  to  be  choked 
with  ice.  For  this  reason  it  is  of  much  greater  importance 
thoroughly  to  drain  the  air  before  use  in  engines  where  it  is  to  be 
employed  expansively  than  for  rock  drills.  Underground  receivers, 
valuable  in  any  case  as  equalizers,  become  almost  indispensable  for 
such  compressed  air  service. 

The  freeziQg*Mp:  of  the  motar  cylinder  maybe  prevented  also  by 
heating  the  compressed  air  just  before  use,  or  by  heating  the  cyl- 
inder itself.  'Die  reheating  of  compressed  air  will  be  considered 
below. 

There  are  several  methods  of  warming  the  cylinder,  though 
none  of  them  are  very  convenient  or  successful.  The  cylinder 
may  be  jacketted  by  enveloping  it  with  spiral  hot-water  or  hot-air 
pipes,  or  by  injecting  hot  water  in  small  quantities.  Sometimes 
the  air  cylinders  of  small  compressed  air  pumps  are  warmed  by 
lamps  or  torches,  but  this  is  objectionable,  as  the  machines  become 
extremely  dirty.  All  such  devices  have  some  effect  in  inereastng 
the  duty  of  compressed  air,  because  even  a  small  degree  of  heat 
so  applied  raises  the  pressure,  but  they  do  not  properly  come  un* 
der  the  head  of  appliances  for  reheating  the  air,  nor  are  they  used 
with  that  end  in  view. 

Reheating  Compressed  Air. 

It  has  been  seen  that  after  the  warm  compressed  air  leaves  the 
compressor  and  receiver  on  its  journey  through  the  transmission 
piping  its  temperature  is  quickly  reduced  to  that  of  the  surround- 
ing atmosphere.  The  loss  thus  caused  could  be  prevented  only  bjr 
using  the  air  immediately  and  before  it  has  time  to  cool.  The  fa- 
cility with  which  the  heat  of  compression  is  given  up«  however, 
suggests  that  something  might  be  gained  by  reheating  the  com- 
pressed air  when  it  reaches  the  place  where  it  is  to  be  employed. 
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By  such  reheating  an  additional  volume  of  air  is  produced  at  a 
much  cheaper  rate  than  if  it  were  produced  in  the  compressor  it- 
self. In  a  large  plant  at  Paris  only  0.2  lb.  of  coke  has  been  con< 
sumed  in  reheating  the  air  for  an  added  production  of  I  H.  P., 
which  is  say  about  one-eighth  of  the  fuel  consumption  of  the  best 
compressors.  This  result  agrees  closely  with  the  theoretical  fig- 
ures given  by  Mr.  Frank  Richards  in  his  book  on'  Compressed 
Air,  p.  159.  But  it  mu.st  be  remembered  that  to  effect  this  saving 
the  air  must  pass  after  reheating  directly  into  the  motor  cylinder. 
A  farther  conveyance  in  pipes  for  even  a  very  short  distance  rap- 
idly lowers  the  temperature  and  pressure,  so  that  reheating  in 
mining  operations  has  a  limited  application.  For  portable  ma- 
chines, like  rock  drills,  it  is  economically  out  of  the  question. 
For  stationary  engines,  however,  such  as  underground  pumps  and 
hoists,  and  wherever  the  reheatcr  can  be  placed  close  to  the  air 
engine,  reheating  becomes  useful  not  only  in  increasing  the  effi- 
ciency of  the  compressed  air,  but  in  preventing  freezing  at  the 
exhaust  ports  when  the  air  is  used  expansively.  In  underground 
work  it  may  be  difficuU  to  arrange  for  burning  fuel  under  a  re- 
heater,  notwithstanding  the  comparatively  small  amount  of  fuel 
required,  because  of  the  resulting  vitiation  of  the  mine  atmos- 
phere. Also,  in  gassy  collieries  reheaters  cannot  well  be  used, 
though  sometimes  the  gases  of  combustion  may  be  turned  into  an 
upcast  airway,  or  even  allowed  to  escape  into  the  mine  workings 
when  the  active  circulation  of  large  volumes  of  air  is  maintained. 

The  heat  may  be  applied  by  passing  the  compressed  air  through 
a  coil  of  pipe  enclosed  in  a  small  furnace  near  the  motor.  As  this 
coil  forms  a  part  of  the  air  main,  reheating  can  increase  the  pres- 
sure only  in  a  small  degree.  Its  real  effect  is  to  increase  the  vol- 
ume of  air,  which  backs  up  in  the  main,  reducing  the  velocity  of 
flow  and,  therefore,  the  loss  of  pressure  due  to  friction.  Another 
method  of  reheating  has  been  proposed — that  of  placing  in  the  air 
main  an  electric  coil  heater.  This  would  do  away  with  the  diffi- 
culty of  disposing  underground  of  the  products  of  combustion  of 
the  fuel,  and  would  be  specially  useful  in  gassy  collieries.*  Oc- 
casionally, for  large  surface  plants  the  device  of  compounding  the 
motor  cylinders  has  been  adopted.  The  exhaust  from  the  high- 
pressure  cylinder  is  passed  through  another  reheatcr  before  going 
to  the  low-pressure  cylinder,  A  further  advantage  may  be  de- 
»W.  L.  Sannde^,  Engineering  News,  August  25,  1S92,  p.  176. 
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rived  by  injecting  into  the  reheater  coils  a  very  small  quantity  of 
water.  The  water  is  converted  into  steam,  and  on  giving  up  its 
latent  heat  in  the  motor  cylinder  prevents  freezing  at  the  exhaust 
even  when  a  very  high  ratio  of  expansion  is  employed.  * 

At  a  constant  pressure  the  volume  of  air  is  proportional  to  its 
absolute  temperature,  or  459°  F.  plus  the  sensible  temperature  as 
read  on  the  thermometer.  The  absolute  temperature  of  air  at 
70°  F.  is  459  -f  70  =  529°.  In  doubling  the  volume  by  the  appli- 
cation of  heat  the  absolute  temperature  becomes  1058°,  and  1058 

—  459  SB  599°,  which  is  the  corresponding  sensible  or  thermo- 
metric  temperature  of  the  air.  On  account  of  the  rapidity  with 
which  air  gives  up  its  heat,  this  temperature  is  greatly  reduced  by 
the  lime  it  reaches  the  motor  cylinder,  where  it  loses  still  more 
heat  before  its  work  is  done.  To  reheat  the  air  to  a  temperature 
which  would  really  double  its  volume  tn  the  motor  cylinder  would 
involve  a  temperature  in  the  reheater  much  higher  than  599°.  But 
such  temperatures  cannot  be  employed,  because  they  would  render 
impossible  the  proper  lubrication  of  the  cylinder.  If  the  tempera- 
ture be  raised  by  the  reheater  to  400°  F.  a  loss  of  say  106°  should 
be  allowed  for  cooling  before  the  air  is  actually  used.  The  abso- 
lute cylinder  temperature  is  then  300  +  459  =  759°,  and  the  cor- 
responding added  volume  of  compressed  air  is  found  by  the  pro- 
portion. 

529  :  759  ::  i  :  1.43 

That  is,  there  has  been  an  effective  increase  of  4395,  in  the  volume 
of  compressed  air  by  heating  in  the  reheater  to  4CX)°.  It  is  im- 
probable that  a  much  higher  temperature  would  be  desirable. 

Capacity  of  Air  Compressors. 

A  standard  of  rating,  useful  for  ordinary  purposes,'is  the  capacity 
in  terms  of  cubic  feet  of  free  air  compressed  per  minute  to  a  given 
pressure.  The  expression  "  free  air "  means  air  at  atmospheric 
pressure,  as  taken  into  the  cylinder,  and  the  theoretical  capacity  is 
found  by  multiplying  the  net  piston  area  in  square  feet  by  the  dis- 
tance traveled  by  the  piston  in  feet  per  minute.  The  actual  capacity 
will  be  somewhat  less  than  this  on  account  of  the  various  losses  due 
to  leaks,  clearance,  induction  of  warm  air,  friction  of  inlet  valves, etc. 
In  a  properly  designed  compressor  an  allowance  of  1 5  9J?  is  sufficient 

-  •  Goodman:  Trans.  Fed.  Inst.  M.  E.,  Vol  VII.,  No.  2,  p.  245. 
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to  cover  these  losses,  which  must  not  be  confounded  with  the  me- 
chanical loss  of  work ;  that  is,  the  work  expended  in  overcoming 
friction  in  running  the  compressor. 

Having  found  the  capacity  in  terms  of  free  air,  the  volume 
occupied  by  this  air  at  any  given  pressure  is  calculated  by  Mari- 
otte's  law,  represented  in  its  simplest  form  by  the  expression : 

V  .. 

?'=  absolute  pressure  of  the  air  at  any  point  of  the  stroke ;  that  is, 
after  the  piston  has  traveled  any  given  distance.  It  must  be  re- 
membered that  gauges  register  pressures  above  atmospheric  pres- 
sure, so  that  P  =  gauge  pressure  -f  14.7  lbs.  (in  round  numbers 
IS  pounds).  For  example,  100  cubic  feet  of  free  air  compressed 
isothermally  to  65  lbs.  gauge  pressure  will  occupy  a  volume : 

V'~  .'°^2L'5=,8.75cu.rt. 

6s  -I-  15 

Conversely  the  volume  of  free  air  represented  by  18.75  cu.  ft.  at  65 
lbs.  gauge  pressure  is: 

y^  ^71l65_+iS)^,^,„.ft. 

By  applying  the  allowance  for  losses,  stated  above,  results  are  ob- 
tained sufficiently  correct  for  practical  purposes. 

The  capacity  of  a  compressor  may  be  stated,  also,  in  terms  of 
the  horse-power  developed  by  the  steam  end  of  the  engine.  The 
effective  horse.power  of  the  air  delivered,  however,  must  be  calcu- 
lated from  an  indicator  card  taken  from  the  air  cylinder.  In  con- 
sidering an  air  card  it  should  be  observed  that  the  various  lines 
have  a  signification  different  from  those  of  a  steam  card.  They  are 
reversed  thus : 

Steam  Card,  j  Am  Card. 

Admission  line.  Delivery  line. 

Expansion  "  |  Compression  line. 

Back-pressure  or  exhaust  line.  I  Admission  line. 

Compression  line.  |  Re-expansion  line. 

The  re-expansion  line  in  an  air  cylinder  is  the  pressure  line  re- 
sulting from  the  expansion  of  the  air  filling  the  clearance  space. 
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Compressors  for  mine  work  are  usually  roughly  rated  as  furm'sh- 
ing  sufficient  air  to  operate  a  certain  number  of  rock  drills.  A 
3-inch  drill  requires  a  volume  of  air  at  60  lbs.  pressure  equal  to 
80  or  90  cu.  ft.  of  free  atmospheric  air  per  minute. 

Air  Compression  at  High  Altitudes. 

Because  of  the  diminished  density  of  the  atmosphere  at  high 
altitudes  air  compressors  do  not  give  the  same  results  in  mountain- 
ous regions  as  at  sea-level.  For  example,  a  compressor  furnishing, 
at  the  atmospheric  pressure  of  15  lbs.,  872  cu.  ft.  of  air  at  sea- 
level,  will  produce  only  722  cu.  ft.  at  6,000  ft.  elevation,  and  634 
cu.  ft.  at  10,000  ft.  The  following  table  shows  the  reduction  of 
efficiency,  at  various  elevations,  for  a  gauge  pressure  of  60  lbs : 

Table  V. 


ELEVATION    IN   FEET. 

BAROMETRIC    PRESSURE. 

EFFICIENCY. 

0 

30-00 

I. COO 

1000 

28.85 

.969 

2000 

27.78 

.940 

3000 

26.74 

.911 

4000 

25.70 

.881 

5000 

24.73 

.859 

7000 

22.93 

.802 

8000 

22.04 

•775 

lOOOO 

ao.43 

.7*7 

12000 

18.92 

.680 

The  volume  of  compressed  air  produced  at  a  given  altitude  may 
be  found  by  multiplying  its  capacity  at  sea-level  by  the  percentage 
efficiency  in  the  third  column  above. 

Although  somewhat  less  power  is  consumed  in  running  a  com- 
pressor above  sea-level,  still  the  required  horse-power  is  not  de- 
creased in  a  degree  corresponding  with  the  reduced  capacity.  The 
disadvantages  of  ordinary  poppet  valves,  controlled  by  springs, 
increase  as  the  atmospheric  pressure  diminishes,  because  such 
valves  must  open  later  in  the  stroke  than  when  at  sea-level.  It  is 
found  that  compressors  using  same  form  of  mechanically  controlled 
inlet  valve  are  well  adapted  for  work  at  high  altitudes.  Some 
builders  make  the  air  cylinders  for  mountain  work  proportionately 
larger  for  the  same  size  of  steam  cylinder,  but  the  net  result  is  that 
at  high  altitudes  compressed  air  costs  more  than  at  sea-levei. 
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Efficiency  of  Production  and  Transmission  of  Power  by 

Compressed  Air. 

In  calculating  the  efficiency  of  the  production  and  transmission 
of  power  by  compressed  air  several  losses  are  to  be  taken  into  ac- 
count.    The  following  estimate  is  for  a  gauge  pressure  of  75  lbs. 

1.  The  mechanical  loss  due  to  the  friction  of  the  moving  parts 
of  the  compressor.  This  ranges  from  a  minimum  of  about  5%,  in 
large,  tandem  compressors  with  Corliss  valve  gear,  up  to  say  15% 
in  some  of  the  smaller  machines.  The  friction  loss  in  ordinary 
straight-line  compressors,  in  good  order,  may  be  taken  as  10%. 

2.  The  loss  of  energy  in  the  work  of  compression,  due  to  the 
heating  of  the  air.  This  loss  is  represented  by  the  difference  be- 
tween the  actual  mean  effective  pressure  in  the  air  cylinder  and 
the  pressure  that  would  be  required  for  isothermal  compression. 
It  is  rarely  less  than  15%. 

3.  Several  losses  may  here  be  grouped  under  one  head,  caused 
by  the  heating  of  the  intake  air  by  the  hot  metal  surfaces  in  the 
cylinder ;  clearance ;  friction  of  valves,  and  leakage  at  piston  and 
valves,  amounting  in  all  to,  say,  12%.  A  further  preventable 
loss  would  result  from  the  induction  of  warm  air  from  the  engine 
room. 

The  sum  of  these  losses  leaves  a  total  net  efficiency  for  the  com- 
pressor of: 

90  X  85  X  88  =  67+  %. 


which  may  be  considered  as  representing  good  average  work.  In 
compound  (two-stage)  compression  the  efficiency  may  be  some- 
what higher.  Under  the  best  conditions,  where  the  friction  loss  is 
as  low  as  5%,  and  the  other  losses  are  cut  down  slightly,  the 
efficiency  may  reach  in  the  neighborhood  of  75%,  rarely  higher. 

Losses  in  the  Transmission  and  Use  of  Compressed  Air,  I.  The 
loss  caused  by  friction  and  leakage  during  transmission  in  the  pip- 
ing needs  not  exceed  3%  or  4%  in  ordinary  mining  practice. 

2.  The  loss  due  to  imperfect  final  expansion  in  the  cylinder  of 
the  machine  using  the  compressed  air  is  usually  a  heavy  one.  It 
is  the  difference  between  the  work  actually  done  and  that  which  is 
theoretically  obtainable  from  the  air.  If  perfect  expansion  in  the 
motor  cylinder  were  possible  the  only  loss  here  would  be  that 
caused  by  friction  of  the  mechanism.     But  this  is  never  realized 
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even  under  the  most  favorable  conditions.  In  all  rock-drills,  and 
in  many  pumps  and  other  air  engines,  there  is  no  attempt  to  use 
the  air  expansively.  In  a  drill  the  work  is  done  hy  pressure  of  the 
air  only,  final  expansion  taking  place  after  exhaust.  Ordinary 
direct  acting  pumps,  also,  when  they  are  run  by  compressed  air 
take  the  air  as  they  do  steam,  throughout  the  whole  stroke.  Upon 
the  whole,  the  work  of  compressed  air  drills  and  pumps,  in  com- 
mon mining  practice  is  done  at  a  motor  loss  of  from  ^o^o  to  50%.* 
This  is  apparently  a  poor  showing,  but  is  not  at  all  unusual. 

The  sum  of  all  the  losses,  as  above,  leaves  a  net  efficiency  of 
67  (compressor)  x  96  (transmission  piping)  x  60  (air  engine) 
=  38  +  %.  This  should  be  considered  fairly  satisfactory  work. 
Taking  the  motor  loss  as  50  %  (which  is  probably  not  far  from 
the  truth  at  least  so  far  as  pumps  are  concerned),  the  efficiency 
becomes  32  %.  By  reheating  the  air  and  using  it  in  a  properly 
designed  engine,  the  total  efficiency  of  the  system  may  be  raised 
to  50  %,  or  perhaps  even  more,  but  it  is  safe  to  conclude  that  no 
such  result  is  attainable  at  present  in  ordinary  mining  operations. 
In  part  first  of  this  article  reference  has  been  made  to  what  appears 
to  be  an  unavoidably  wasteful  use  of  air  in  rock  drills.  They  are, 
notwithstanding,  fairly  satisfactory  machines,  and  whether  or  not 
they  are  economical  in  their  consumption  of  air  is,  under  the  cir- 
cumstance, really  a  matter  of  secondary  importance.  With  un- 
derground pumps  the  case  is  different,  and  there  is  room  for  great 
improvement.  Although  to  the  present  time  compressed  air  has 
not  been  much  used  for  mine  pumping,  its  great  convenience  for 
such  service  is  unquestionable,  and  the  subject  should  receive  the 
attention  of  mechanical  engineers. 

Air  Compression  by  Direct  Action  of  Falling  Water. 

Although  this  method  of  compression  involves  no  new  idea,  it 
has  been  only  recently  successfully  carried  out  for  producing  large 
volumes  of  compressed  air.  During  1896  the  Taylor  Hydraulic 
Air  Compressing  Company,  of  Montreal,  Canada,  erected  a  plant 
embodying  the  system  for  the  Dominion  Cotton  Mills,  Magog, 
Province  of  Quebec!     Where  the  conditions  permit  its  introduc- 

*  Zahner,  Transmission  of  Power  by  Compressed  Air,  p.  97.  Saunders,  Evginter- 
in^  NewSt  h\xga&i  25,  1893,  p.  175.  Goodman,  Trans.  Fed.  Inst.  M.  E.,  Vol  VIL, 
No.  s,  p.  244. 

\  The  following  description  is  based  upon  an  article  in  the  Canadian  Engineer ^ 
March,  1897,  ^^^  information  furnished  by  the  builders.  See  also  Engineering  ana 
Mining  Journal^  Dec.  26,  1896,  p.  606. 
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A  shaft  (Fig.  37)  is  sunk  to  a  depth  necessary  to  give  the  de- 
sired pressure,  and  in  it  is  placed  a  large  vertical  compressing 
pipe,^.  This  pipe  passes  through  the  bottom  of  an  iron  receiving 
chamber,  b,  on  the  surface,  to  which  water  is  conducted  from  a 
dam  or  reservoir.  Water  flows  into  and  fills  the  pipe,  which  ex- 
tends nearly  to  the  bottom  of  the  shaft.  By  means  of  an  arrange- 
ment of  small  pipes  described  below,  air  is  drawn  into  the  vertical 
pipe  with  the  water  andJs  compressed  while  being  carried  down 
the  shaft.  The  compressed  air  collects  in  a  separating  chamber,  r, 
at  the  bottom  of  the  shaft,  while  the  water  is  returned  to  a  tailrace 
near  the  top,  giving  in  the  Magog  installation  an  effective  head 
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of  about  22  feet.  Into  the  top  of  the  vertical  pipe  is  inserted  ; 
telescoping  section  of  pipe,  d,  to  the  upper  end  of  which  is  rivctec 
a  bell-mouth,  e.  Above  the  latter  is  a  cylindrical  headpiece,_/ 
(Fig.  38),  terminating  below  in  an  inverted  conoid,  g,  projecting  intt 
the  bell.  These  two  parts  are  connected  by  lugs  and  bolts  in  sucl 
way  as  to  leave  an  annular  opening  between  them,  through  whic! 
the  water  enters  the  vertical  pipe.  Around  the  headpiece  is  set  i 
series  of  2-inch  pipes,  h,  h,  open  at  the  top  and  closed  at  the  bot 
torn.  Into  each  of  these  pipes,  near  their  lower  ends,  are  screwe< 
a  number  of  short  horizontal  ^-inch  pipes,  i,  i,  all  directed  into  thi 
annular  opening  at  the  bell  mouth  and  towards  the  center  of  thi 
main  pipe.  As  the  entering  water  passes  among  the  small  pipe! 
a  partial  vacuum  is  created  in  them,  so  that  the  atmospheric  pres 
sure  drives  the  air  into  the  water  in  the  shape  of  small  bubbles 
These  are  carried  with  the  water  down  the  main  pipe,  and  on  thei: 
way  are  compressed. 

Near  the  bottom  of  the  shaft  the  vertical  compressing  pip; 
enters  the  large  circular  "separating"  tank,  c,  open  below  am 
supported  upon  legs  which  raise  it  above  the  shaft  bottom 
Within  the  tank  and  directly  under  the  pipe  is  the  "  disperser,"  j 
a  conoidal  casting  like  the  one  in  the  headpiece.  Plates,  k,  an 
are  added  around  the  periphery  of  the  disperser  to  give  it  a  large 
diameter.  Below  is  a  conical  apron,  /,  riveted  to  the  interior  of  thi 
separating  tank.  When  the  water,  charged  with  air  bubbles 
reaches  the  disperser  it  is  directed  outward  toward  the  circumfer 
ence ;  is  then  deflected  by  the  apron  toward  the  center  under  thi 
disperser,  and  finally  escapes  through  the  open  bottom  of  thi 
separating  tank  into  the  return  column.  During  this  process  o 
travel  the  compressed  air  separates  from  the  water,  most  of  it  col 
lecting  in  the  upper  part  of  the  air  chamber.  A  portion  of  the  ai 
is  not  liberated  until  the  water  reaches  the  lower  part  of  the  tank 
under  the  apron.  Here  it  collects  in  the  annular  space  and  join; 
the  main  body  of  air  through  the  pipe,  nt.  The  compressed  ai 
collecting  in  the  top  of  the  air  chamber  is  kept  under  pressun 
by  the  weight  of  the  return  water  column  in  the  shaft.  As  thi 
small  air  bubbles  are  constantly  surrounded  by  cold  water,  it  i; 
evident  that  by  this  system  isothermal  compression  is  attained 
with  its  corresponding  advantages  in  minimizing  the  amount  o 
moisture  carried  in  the  air.    This  has  been  shown  by  tests. 

The  shaft  at  the  Magog  mills  is  1 28  ft.  deep,  and  the  air  pressun 
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5  2  lbs.  per  sq.  in.  It  is  stated  that  the  plant  has  been  running 
successfully  since  September,  1896.  Its  efficiency  is  shown  by  the 
following  table*  to  be  from  50.1%  to  624  ^,  according  to  the 
quantity  of  water  used  : 

Table  VL 


No. 

of 

test 


I 

3 
4 

5 

6 


Quantity 

of  water  ais« 

charged,  in 

cubic  feet  per 

minnte. 

Avail- 
able 
head 

in 
feet 

Avail- 
able 
horse 
power. 

6122 

21.4 

247.7 

5S<H 

21.9 

228.0 

4005 

22.3 

168.9 

7662 

21. 1 

305-9 

6312 

21.7 

260.0 

749* 

21.2 

299.8 

Qnantity  of  air 

delivered,  in  cubic 

feet  per  minute 

at  atmospheric 

pressure. 

Pressure 

of  air. 

pounds 

per  sq. 

in. 

Aetual 

horse 

power  of 

Com- 
pressor. 

1377 

52 

i3a.S 

"3^3 

Sa 

i3»-o 

1095 

5a 

105.3 

1616 

sa 

«S5-4 

1506 

sa 

144.8 

1560 

53 

150.2 

Efi&cien^ 

of  G>m- 

pressor, 

per 

cent 


53-5 

575 
62.4 

50.8 

55-7 
50.1 


Temperatures  during  tests:  external  air  75O  to  83O;  water  75.2O  to  80O;  com; 
pressed  air  75. 20  to  80O. 

The  parts  were  not  correctly  proportioned  in  this  first  instal- 
lation, and  there  is  no  doubt  that  the  efficiency  could  be  consider- 
ably increased  by  using  a  relatively  larger  air  chamber  at  the 
bottom  of  the  shaft,  to  prevent  air  from  going  to  waste.  As  shown 
by  the  table,  the  efficiency  is  increased  by  diminishing  the  volume 
of  inlet  water,  upon  which  depends  the  quantity  of  air  carried 
down  and  compressed. 

In  building  a  plant  to  produce  higher  air  pressure  the  motive 
head,  or  difference  in  level  between  the  surfaces  of  water  at  inlet 
and  tail-race,  would  be  increased.  The  theory  is  as  follows :  The 
combined  specific  gravity  of  the  mixture  of  air  and  water  in  the 
vertical  compressing  pipe  is  less  than  that  of  the  water  in  the  re- 
turn column.  That  is,  the  weight  of  water  in  the  compressing  pipe 
is  less  per  fodt  than  in  the  return  column.  Therefore,  the  head  re- 
quired, to  overcome  friction  and  to  produce  fiow,  must  be  greater 


♦Tests  made  by  Prof.  C.  H.  McLeod,  of  McGill  University,  August,  1896.     Pub- 
lished in  Eng,  and  Min»  Journal^  December  26,  1896,  p.  606. 
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than  if  the  apparatus  were  merely  an  inverted  siphon,  and  as  the 
difference  in  weight  increases  with  depth  (and  air  pressure  pro- 
duced) a  constantly  increasing  motive  head  must  be  provided. 
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NOTES  ON   THE   PRESENT  WESTERN   PRACTICE  OF 
METALLURGY— ECONOMICALLY  CONSIDERED. 

By  W.  B.  DEVEREUX. 

President  Low  has  invited  me  to  occupy  a  few  hours  in  discussing 
with  you  some  of  the  aspects  of  Western  metallurgy.  In  under- 
taking to  comply  with  this  invitation,  I  am  in  doubt  as  to  what 
method  will  enable  me  to  utilize  your  time  to  the  best  advantage. 
My  task  is  both  easier  and  more  difficult  for  the  reason  that  you 
have  already  gone  over  so  much  of  the  subject ;  easier  be- 
cause it  enables  me  to  avail  myself  of  the  information  you  have 
already  acquired  ;  more  difficult  because  I  wish  to  avoid  the  repe- 
tition of  what  you  already  have  at  your  command.  The  field  from 
which  I  am  to  select  mysubject-matteris,however,  very  extensive, 
and  one  in  which  great  activity  prevails.  Much  of  the  recent 
progress  has  not  yet  been  recorded  in  available  form,  and  even  in 
the  recent  metallurgical  literature,  there  is  much  which  needs  the 
test  of  practical  knowledge  and  additional  experience  before  it  is 
entitled  to  a  permanent  record.  Moreover,  apart  from  its  technical 
side,  Western  metallurgy  involves  many  factors  contributing  to 
success  or  failure  which  are  hardly  entitled  to  a  place  in  the  litera- 
ture of  the  subject.  It  seems  to  me  desirable,  therefore,  to  first 
occupy  a  portion  of  your  time  with  some  general  considerations 
and  afterwards  to  outline  some  of  the  more  recent  metallurgical 
tendencies  and  practice.  After  all,  much  that  I  shall  say  to  you 
will  probably  have  a  familiar  sound  ;  for,  although  modifications  of 
both  processes  and  appliances  are  constantly  being  introduced, 
radical  innovations  are  seldom  made,  and  even  then  gain  a  foot- 
hold only  by  degrees.  Economical  considerations  should  furnish 
the  motive  for  introducing  variations  in  practice,  and  unless  these 
stand  the  test  of  the  balance-sheet,  they  have  no  place  in  commer-» 
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cial  work.  At  the  outset  I  wish  to  emphasize  the  fact  that  metal- 
lurgy cannot  be  mastered  either  in  the  class-room  or  with  books. 
Together  these  will  enable  you  to  learn  what  processes  are  in  use 
for  the  extraction  of  metals  from  their  ores,  and  to  obtain  a 
knowledge  of  the  various  devices  by  which  these  processes  are 
carried  on ;  but  that  particular  knowledge,  so  difficult  to  define, 
which  I  may  term  "  the  how  "  to  do  things,  is  something  which 
you  must  acquire  by  actual  practice.  Do  not,  however,  let  the  re- 
alization of  this  fact  discourage  you,  for  equipped  with  a  general 
knowledge  of  the  theory  and  practice  of  metallurgy,  you  can  take 
up  practical  work  under  conditions  which  will  enable  you  to  grasp 
the  details  of  practice  rapidly  and  with  intelligent  understanding. 
There  is  no  art  to  which  the  same  reasoning  does  not  apply. 
Theory  must  always  be  supplemented  by  practice.  The  doing  of 
the  thing  always  diflTers  by  indefinable  variations  from  the  descrip- 
tion of  how  it  is  done,  and  new  problems  never  comprise  exactly 
the  same  factors  as  those  already  solved. 

To  illustrate:  Suppose  you  were  to  go  into  a  metallurgical 
works  and  take  up  your  position  near  a  blast  furnace.  After  you 
had  watched  its  operation  for  half  an  hour,  you  would  conclude 
that  the  whole  process  was  apparently  a  series  of  simple  operations 
repeated  at  regular  intervals.  You  would  see  the  man  at  the  top 
of  the  furnace  charging  the  ore  mixture,  the  calculations  of  which 
would  present  no  especial  difficulty.  At  the  bottom  of  the  furnace 
you  would  sec  slag  being  drawn  off  at  intervals  and  at  other  in. 
tervals  the  metallic  products.  The  whole  cycle  of  operations  would 
proceed  regularly  and  without  interruptions  or  miscalculations.  If 
you  were  to  go  away  after  watching  these  operations  for  a  short 
time  you  might  possibly  think  that  you  had  seen  the  whole  of  a 
blast  furnace  smelting.  But  suppose  you  were  one  of  the  staff  of 
workmen  actually  operating  this  furnace,  and  you  were  compelled 
to  spend  eight  or  twelve  hours  a  day  in  doing  these  very 
things  that  you  have  already  seen.  Sooner  or  later  a  time  would 
come  when  the  furnace  would  begin  to  work  irregularly  and  fail  to 
perform  its  regular  functions. 

The  assays  might  show  that  the  slag  contained  excessive  quanti- 
ties of  valuable  metal ;  the  melted  products  might  become  cold 
and  fail  to  flow  properly;  tapping  might  become  difficult;  the 
charge  might  descend  irregularly  or  become  too  hot  on  top.  At 
such  times  as  these,  if  you  were  one  of  the  working  staff,  you 
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would  at  once  find  yourself  in  a  most  valuable  training  school. 
The  reasons  for  the  special  trouble  would  be  determined » and  you 
would  assist  in  the  application  of  the  remedy,  your  scientific 
knowledge  enabling  you  at  the  same  time  to  understand  the 
reasons  for  whatever  action  was  taken. 

In  a  few  months,  in  all  probability,  almost  all  of  the  accidental 
difficulties  which  arise  would  have  come  up  for  a  solution,  and 
your  knowledge  of  the  same  would  have  become  comprehensive 
and  available.  There  is  nothing  more  necessary  to  the  metallur* 
gist  and  nothing  which  gives  him  more  satisfaction  than  the  ability 
to  diagnose  irregularities,  and  to  correct  them  quickly  and  surely. 
There  is  nothing  which  so  completely  enables  him  to  command 
the  respect  of  his  men  and  their  best  services  as  the  ability  to 
show  them  what  to  do  and  how  to  do  it 

My  advice  to  you,  therefore,  is  to  lose- no r' opportunity  to  gain 
practical  experience  and,  wherever  you  are,  make  it  your  first 
business  to  learn  how  to  do  everything  and  to  be  able  to  take  the 
lead  even  under  the  most  difficult  and  trying  circumstances.  The 
time  which  you  spend  watching  ordinary  commonplace  operations, 
which  are  going  on  from  day  to  day  at  any  works  with  which  you 
are  connected,  is  never  lost  and  will  give  the  most  valuable  ex- 
perience which  you  can  acquire.  It  will  round  out  your  theoreti- 
cal knowledge,  put  you  in  touch  with  the  little  niceties  of  your 
profession,  and  give  you  that  intuitive  perception  which  can  only 
come  from  close  observation  and  practice. 

As  a  rule,  only  a  few  metallurgists  in  the  West  are  able  to  de- 
vote themselves  to  metallurgical  problems  pure  and  simple.  It  is 
only  in  the  large  custom  smelting  works  that  they  are  relieved 
from  business  transactions  and  have  only  to  concern  themselves 
with  the  purely  scientific  side  of  the  problems  which  come  up  for 
solution  and,  of  course,  it  is  these  great  establishments  which 
afford  the  best  opportunities  to  make  improvements  and  to  try 
experiments  looking  toward  improved  processes.  Western  metal- 
lurgy has  for  its  object  the  treatment  of  ores  produced  in  the  great 
mountain  region  between  the  Western  plains  and  the  Pacific  coast 
which  reaches  from  the  Arctic  regions  down  through  the  United 
States  and  Mexico.  It  may  be  truthfully  said  that  the  ores  from  all 
these  regions  come  to  one  or  the  other  of  the  various  metallurgical 
establishments  in  the  United  States  and,  in  addition  to  these,  in 
the  past  few  years  large  works  have  been  established  in  Mexico 
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and  in  the  British  possessions  on  the  north.  Ores  of  every  possible 
description  come  to  these  works,  but  it  by  no  means  follows 
that  these  ores  are  all  treated  at  the  works  nearest  the  mines 
which  produce  them.  In  nearly  all  of  the  smelting  works 
of  this  country  you  will  find  that  ores  arc  constantly  com* 
ing  in  from  distant  regions,  owing  to  the  fact  of  the  particular 
works  in  question  being  able  to  pay  a  higher  price  than  works 
nearer  at  hand.  This  is  due  to  the  fact  that  a  given  ore  may  sup- 
ply a  desirable  ingredient  for  one  locality  and  at  the  same  time  be 
undesirable  or  unnecessary  at  another. 

A  knowledge  of  metallurgy  and  metallurgical  conditions  is 
necessary  for  every  mining  engineer.  The  two  professions  of 
engineer  and  metallurgist  almost  invariably  overlap  in  the  West, 
especially  in  remote  districts.  The  conditions  vary  so  much  even 
in  localities  near  together  that  the  determination  of  the  proper 
metallurgical  treatment  of  any  ore  becomes  a  problem  of  the 
greatest  nicety.  Of  course,  where  mines  are  within  reach  of  large 
custom  works ;  the  metallurgy  of  the  mine  is  of  little  importance, 
although  the  mine  manager  must  know  the  value  of  ores  from  a 
smelter's  standpoint  in  order  to  so  mine  them  as  to  obtain  the  best 
returns.  But  there  are  thousands  of  mines  which  are  so  far  distant 
from  metallurgical  centers  that  the  questions  of  transportation 
preclude  the  shipment  of  ores,  except  where  the  values  are  very 
high  and  hence  local  treatment  becomes  a  necessity.  Those  who 
are  called  upon  to  pass  upon  these  problems  and  to  carry  out  the 
plans  ultimately  adopted  must  have  not  only  a  knowledge  of  gen- 
eral metallurgy,  but  of  a  thousand  other  things  which  are  no  part 
of  metallurgy  itself.  In  fact,  there  is  very  little  information  which 
will  not,  sooner  or  later,  be  found  useful. 

Suppose  you  were  to  consider  the  possibility  of  smelting  an  ore 
at  a  distance  from  the  railroad  in  one  of  the  Western  deserts. 
One  of  the  first  requisites  to  determine  would  be  the  available  sup- 
ply of  water.  There  might  be  available  a  stream  which  would  con- 
tribute no  water  in  the  dry  season  and  a  flood  in  the  wet.  Storage 
reservoirs  might  therefore  be  a  necessity,  and  this  would  involve 
extensive  engineering  knowledge.  Long  distance  pumping  might 
be  a  necessity  from  which  would  arise  another  set  of  problems. 

There  might  be  an  underground  current  in  the  bed  of  the  stream 
ixx  the  dry  season  which  would  furnish  the  necessary  water,  and 
this  could  only  be  determined  by  sinking  wells.    The  available 
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supply  cf  timber  and  its  suitability  would  be  another  factor,  also  the 
relative  costs  of  coke,  coal  and  charcoal.  If  fuel  was  to  be  brought 
in  by  rail,  your  knowledge  of  railway  conditions  might  materially 
affect  the  rates  of  transportation  ultimately  decided  upon.  At  the 
same  time,  the  question  of  wagon  transportation  would  determine 
an  important  proportion  of  the  total  costs  of  fuel  and,  in  addition, 
the  cost  of  getting  the  product  of  the  works  to  its  destination. 

It  would  hardly  occur  to  you  as  a  first  experience  that  the  fact 
of  grass  growing  along  the  line  of  your  wagon  road  and  being 
available  throughout  the  year  might  determine  the  question  as  to 
whether  ore  could  or  could  not  be  smelted  at  the  mine  in  question, 
or  that  the  price  of  hay  and  oats  might  determine  the  amount  of 
profit  or  loss.  And  yet,  just  such  conditions  as  these  are  deter- 
mining to-day  the  profit  and  loss  account  of  active  mining  opera- 
tions. The  reason  of  this  is  very  simple.  If  grass  is  available  for 
feed,  freighting  can  be  done  with  oxen  which  are  turned  out  at 
night  to  graze.  If  no  grass  is  available,  hay  and  grain  must  be  fed, 
and  the  price  of  freighting  is  correspondingly  greater. 

The  treatment  of  ores  in  the  West  comprises  a  few  type  pro- 
cesses upon  which  are  based  innumerable  variations.  Smelting, 
amalgamation  and  lixiviation,  alone  or  in  combination,  are  the  gen- 
eral methods  by  which  nearly  all  ores  are  treated.  The  selection 
of  the  method  and  its  minor  variations  must  depend  on  local  con- 
ditions. In  a  general  way  smelting  may  be  said  to  have  super- 
seded all  other  processes  where  suitable  fuel  can  be  obtained  at  a 
reasonable  price,  where  transportation  facilities  are  satisfactory, 
and  where  sufficient  lead  or  copper  can  be  obtained  to  collect 
the  precious  metals  in  the  ores  which  are  available  for  treatment. 
Many  ores,  however,  require  a  preliminary  concentration  to  pro- 
vide a  product  suitable  for  metallurgical  operations.  The  great 
advantage  in  smelting  is  due  to  the  fact  that  the  percentages  saved 
are  almost  universally  higher  than  by  any  other  method  and,  there- 
fore, as  the  ore  increases  in  value  the  total  saving  becomes 
greater,  and  the  disadvantage  of  freight  charges  and  perhaps 
even  a  higher  treatment  cost  is  overcome.  For  instance,  the  Crip- 
ple Creek  district  in  Colorado  produces  large  quantities  of  high- 
grade  ore  running  from  fifty  to  several  thousand  dollars  per  ton,  and 
also  immense  quantities  of  so-called  "low-grade"  ore  averaging  from 
ten  to  twenty  dollars  per  ton.  Although  there  are  very  large  chlori- 
nation  and  cyanide  establishments  that  are  amply  capable  of  buy- 
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ing  the  Cripple  Creek  ores,  very  little  high-grade  ore  is  treated  in 
these,  the  smelters  being  able  to  command  the  market,  in  spite  of 
the  fact  the  ores  are  essentially  quartzose  and  have  to  be  provided 
not  only  with  lead  or  copper  for  the  collection  of  the  gold,  but  also 
with  a  considerable  amount  of  iron  and  lime  for  flux. 

The  smelting  industry  of  the  West  comprises  two  distinct 
branches:  namely,  lead  and  copper  smelting.  In  the  first, lead  is 
used  as  a  collector  of  the  precioiiB  metals,  the  conditions  being 
such  that  the  smelting  of  ores  containing  lead  only  has  so  far  not 
proved  commercially  profitable.  Owing  to  the  fact  that  almost 
all  ores  of  the  precious  metals  carry  some  copper,  the  treatment  of 
that  metal  has  also  become  a  subordinate  branch  of  lead-silver 
metallurgy,  and  in  recent  years  the  copper  obtained  as  a  by-prod- 
uct has  become  an  important  item. 

Copper  smelting  includes  the  treatment  of  ores  which  contain 
only  copper,  and  also  those  which  contain  both  copper  and  pre- 
cious metals. 

Lead-Silver  Smelting, 

Lead-silver  smelting  is  an  important  industry  in  the  West,  and 
is  carried  on  both  by  mining  companies  with  their  own  ores,  and 
by  custom  smelting  works  which  purchase  their  ores  in  the  open 
market. 

Wherever  the  conditions  are  favorable  this  method  has  done 
away  with  the  necessity  for  other  metallurgical  processes,  except 
in  the  case  of  low-grade  gold  ores,  these  still  being  more  economic- 
ally treated  by  amalgamation-  or  lixiviation. 

Custom  works  are  generally  located  at  large  railroad  centres 
where  coal  and  coke  are  abundant  and  cheap,  and  where  ores  can 
be  drawn  from  a  large  extent  of  country,  thus  enabling  smelters  to 
purchase  ores  of  every  variety  and  in  such  quantities  that  the 
amount  of  barren  flux  added  to  make  a  smelting  mixture  shall  be 
minimum.  They  offer  great  advantages  to  mine  owners  in  that 
they  purchase  ores  for  cash  upon  an  agreed  basis  and  obviate  the 
necessity  for  individual  works  at  the  mines.  Moreover,  there  are 
very  few  mines  the  product  of  which  is  of  such  a  character  that  it 
can  be  smelted  by  itself,  the  general  condition  being  that  large 
amounts  of  barren  flux  must  be  added,  or  the  mining  company 
must  itself  become  a  custom  smelter,  buying  such  ores  as  will  suf- 
fice to  make  a  smelting  mixture  when  added  to  its  own.     As 
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the  metallurgy  in  both  instances  is  carried  on  under  practi- 
cally the  same  conditions,  I  shall  endeavor  to  give  you  a  resume 
of  the  best  smelting  practice  of  to.day,  and  also  to  show  you  in 
what  direction  changes  and  improvements  are  being  made,  and  to 
ivhat  ultimate  results  metallurgists  are  striving  to  attain. 

In  both  custom  and  mine  smelting  works  the  first  requisite  is  a 
sampling  works  of  sufficient  capacity.  In  order  to  accomplish  good 
work  it  is  absolutely  necessary  to  know  not  only  the  value  in 
precious  metals  of  the  ore  which  is  to  be  treated,  but  also  to  have 
a'  complete  analysis  of  its  earthy  or  non-valuable  constituents. 
Of  course,  in  a  private  smelting  works  the  only  object  in  running 
the  ore  through  the  sampler  is  to  determine  its  value  and  slag  con- 
stituents. It  is  of  the  utmost  importance  that  accurate  and  full 
details  in  regard  to  the  ore  be  kept  in  books  arranged  for  that  pur- 
pose. In  no  other  way  can  the  metallurgist  check  the  work  that 
he  is  doing  in  his  smelters,  and  in  no  other  way  can  he  so  make 
up  his  ore  mixtures  as  to  obtain  uniform  slags.  The  ordinary  form 
of  book  will  show  the  ounces  of  Silver  and  Gold ;  the  percentages 
of  Lead  and  Copper  and,  in  additional  columns,  the  Silica,  Iron, 
Lime,  Magnesia,  Baryta,  Alumina  and  Zinc.  The  works  should 
be  charged  with  a  total  of  the  valuable  constituents,  even  though 
the  quantities  are  so  small  in  some  ores  that  they  are  not  paid  for,  as 
is  the  case  sometimes  with  small  percentages  of  Lead,  Copper,  Silver 
and  Gold.  They  are  also  credited  with  the  amounts  q{  valuable 
metals  obtained  and,  at  convenient  times,  a  balance  is  struck  and 
the  percentages  of  values  saved  is  determined,  proper  allowances 
being  made  for  values  in  by-products,  flue  dust  and  in  furnaces. 

Sites  for  smelters  should  be  so  selected  that  there  is  ample  room 
for  the  storing  of  ores  in  bins  and  for  making  up  large  beds 
of  ore  by  distributing  each  lot  in  a  layer  on  the  bed  as  it  comes 
in.  As  the  charges  are  taken  by  shovelling  from  the  face  of  the 
bed,  a  very  fair  mixture  is  obtained  and  the  additional  fluxes  are 
added  at  the  furnace,  together  with  special  kinds  of  ore,  such  as 
galenas  and  rich  silver  ores  which  may  not  be  desirable  to  place 
in  the  beds.  You  will  readily  see  that  the  analysis  book  showing 
the  quantity  of  each  lot  of  ore  which  has  gone  into  the  bed  will 
furnish  all  the  data  necessary  to  calculate  the  total  quantities  of  the 
valuable  metals  and  the  slag  constituents,  and  that  from  these  data 
the  percentages  or  each  per  ton  can  readily  be  calculated.  The 
metallurgist  will  then  calculate  the  necessary  additions  to  make 
whatever  slag  is  desired. 
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There  are  certain  type-slags  which  are  considered  more  desirable 
than  others,  but  the  metallurgist  will  find  in  practice  that  he  can 
often  only  approximate  these,  his  constant  effort  being  to  make  a 
good  metallurgical  slag  with  the  least  possible  addition  of  barren 
flux  or  of  non-profitable  ores,  the  latter  being  ores  purchased 
on  a  basis  which  either  gives  no  profit  or  shows  a  certain  amount 
of  loss,  in  order  to  flux  other  ores  on  which  the  smelting  chaises 
are  higher  and  from  which  the  profits  must  be  derived  for  both 
classes. 

I  shall  only  call  your  attention  to  a  few  points  in  regard  to 
slags,  as  these  have  already  been  considered  in  your  lectures  and 
are  discussed  at  length  in  your  text-books,  Thebest  slags  techni- 
cally are  not  always  the  best  commercially.  Sometimes  it  costs 
more  to  make  a  good  slag  than  a  relatively  poor  one.  In  cus- 
tom smelting  the  most  refractory  ores  pay  the  highest  charges 
and  therefore  that  slag  which  will  permit  the  use  of  the  greatest 
amount  of  these  ores  is  the  most  desirable  up  to  the  point  where 
the  losses  in  smelting  balance  the  corresponding  gain  in  smelting 
charges.  Either  lime,  iron  or  silica  may  be  expensive  to  flux 
under  different  conditions.  Barite  and  zinc  were  formerly  the  bug- 
bears of  smelters,  but  are  now  permitted  to  a  considerable  extent, 
in  fact  cannot  often  be  avoided.  There  is  ample  evidence  to  show 
that  barite  diminishes  the  loss  of  lead  in  the  slag,  though  it  is  diffi- 
cult to  say  just  why  it  does  so. 

Lead  and' silver  smelting  less  than  twenty  years  ago  was 
a  very  simple  process  as  compared  with  the  same  process  at 
the  present  time.  Smelting  was  then  carried  on  chiefly  with  sur- 
face ores  already  oxidized  by  natural  causes  and  containing  no 
deleterous  ingredients.  The  furnaces  were  small,  slags  were  easily 
made,  and  the  smoke  and  dust  was  allowed  to  escape  into  the  air. 
Very  little  matte  was  made  and  large  percentages  of  lead  were  used 
in  the  charge.  At  the  present  time  the  easily  smelted  surface 
deposits  have  been  exhausted  to  a  large  extent;  the  ores  have 
become  complex  and  carry  sulphur;  lead  ores  have  become 
scarce  and  in  great  demand,  and  the  percentage  of  lead  used  to 
collect  the  precious  metals  has  steadily  decreased.  The  presence 
of  sulphide  ores  also  necessitates  roasting  furnaces.  Large  quantities 
of  matte  are  made,  and  the  treatment  of  this  matte  has  itself  be- 
come complex  because  nearly  all  of  the  custom  ores  carry  small 
quantities  of  copper  which  ultimately  finds  its  way  into  the  matte. 
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This  has  brought  about  the  introduction  of  copper-metallurgy  into 
lead-silver  plants,  and  there  are  scarcely  any  custom  works  of  this 
character  in  the  West  which  do  not  have  appliances  devoted  to 
the  metallurgy  of  copper.  So  far  as  the  theory  of  smelting  is 
concerned,  to  a  very  large  extent  your  knowledge  of  it  will  depend 
upon  your  thorough  acquaintance  with  the  conditions  under  which 
slags  are  formed  and  the  chemical  reactions  of  sulphur,  oxygen 
and  carbon  with  each  other  and  with  metals  lender  metallurgical 
conditions. 

These  reactions  are  often  obscure  and  complex  and  present  a  wide 
field  for  investigation  and  research.  Mechanical  considerations  at 
the  same  time  introduce  limitations  to  methods  theoretically  pos- 
sible, and  hence  it  is  only  with  an  accurate  knowledge  of  both  theore- 
tical and  physical  conditions  that  failures  and  difficulties  can  be 
reduced  to  a  minimum. 

Many  ores  require  a  preliminary  roastmg,  and  the  method  ot 
doing  this  is  therefore  important.  You  are  already  familiar  with 
the  different  types  of  roasters,  so  it  is  not  necessary  to  describe 
these  individually.  In  general  there  are  the  hand.roasters,  which 
are  long,  straight,  reverberatory  furnaces  with  a  fire-box  at  one 
end  in  which  the  flame  from  the  fire  traverses  the  whole  length 
of  the  furnace.  The  ore  in  these  furnaces  is  fed  at  the  cool  end, 
ordinarily  through  a  hopper  in  the  top  of  the  furnace,  and  is 
stirred  by  hand  rakes,  being  gradually  moved  down  to  the  hot  end 
of  the  furnace,  where  it  is  discharged  either  through  the  bottom 
or  from  a  side  door.  Mechanical  roasters  have  been  very  ex- 
tensively used  in  the  last  few  years,  but  owing  to  the  fact  that  lead 
ores  require  to  be  roasted  as  nearly  sweet  as  possible,  it  has  been 
found  that  their  capacity  is  very  much  smaller  when  used  for  this 
purpose,  and  in  many  of  the  largest  and  most  complete  works 
hand  roasters  are  not  only  now  in  use  but  are  being  constructed 
in  preference  to  mechanical  roasters. 

In  some  works  large  Bruckner  cylinders  with  a  very  slow  rota- 
tion are  used  with  satisfactory  results.  Generally,  however,  lead 
smelters  object  to  mechanical  roasters  on  account  of  the  greater 
construction  cost,  excessive  repairs,  and  comparatively  low  capacity 
when  a  low  percentage  of  sulphur  is  required  in  the  roasted  ore. 
In  copper  smelting  the  conditions  are  different  and  mechanical 
roasters  are  extensively  used. 

So  far  as  Western  practice  is  concerned  the  only  furnace  used  for 
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ore  smelting  is  the  water  jacket-shaft  furnace.  The  great  impetus 
to  lead-silver  smelting  came  with  the  discovery  of  the  carbonate 
ores  in  Leadville.  The  first  smelters  used  there  were  small  round 
water-jackets.  With  the  need  for  a  greater  capacity  came  the 
introduction  of  the  rectangular  furnace,  the  width  being  kept 
about  the  same  and  the  greater  capacity  being  obtained  by  in- 
creasing the  length.  Without  carrying  you  through  the  various 
stages  of  development  of  the  water-jacket  furnace,  I  may  say 
that  there  has  been  a  constant  effort  to  get  more  capacity,  and 
that  at  the  present  time  metallurgists  are  still  striving  to  build  fur- 
naces which  will  give  a  greater  capacity  than  those  at  present 
in  use.  It  has  been  found,  however,  that  there  are  limits  to 
the  breadth  of  the  furnace,  which  is  the  distance  between  the 
tuyeres,  and  also  to  the  blast  pressure.  Furnaces  have  been  con- 
structed which  exceed  the  present  types  in  both  of  these  conditions, 
but  the  results  have  been  such  as  to  fix  the  breadth  for  the  present 
at  about  42  inches  and  the  blast  at  32  ounces  maximum.  The  gen- 
eral type  of  furnace  now  constructed  has  an  inside  dimension  at  the 
tuyeres  of  forty-two  by  one  hundred  and  twenty  inches.  Furnaces 
forty-two  by  one  hundred  and  forty  inches  are  running  satisfac- 
torily, and  others  being  constructed  of  the  same  dimensions. 
The  ordinary  practice  is  to  make  the  height  sixteen  to  seventeen 
feet  from  tuyeres  to  top  of  charge.  This  is  an  advance  of  about 
four  feet  over  the  height  of  charge  which  is  still  in  use  at  many  of 
the  works,  and  is  necessitated  by  the  increase  of  blast  pressure 
now  used.  Some  new  furnaces  are  also  being  made  with  a  height 
of  20  feet.  Sixteen  ounces  is  almost  a  minimum  blast  pressure 
now,  and  from  twenty-six  to  thirty-two  ounces  is  common. 

Three  types  of  rotary  blowers  are  in  use,  and  these  are  con- 
structed so  that  pressures  even  higher  than  32  ounces  can  be  main- 
tained if  desired.     Fan  blowers  are  not  used  by  Western  smelters. 

The  general  construction  of  furnaces  has  changed  but  little  in 
the  past  few  years,  and  from  the  drawings  you  will  see  that  the 
type  is  one  with  which  you  are  already  familiar. 

The  increase  in  dimensions  has,  however,  necessitated  more  mas- 
sive construction,  owing  to  the  larger  amount  of  material  the  fur- 
nace is  to  contain.  The  foundations  are  of  the  best.  The  wrought, 
iron  plate  which  forms  the  bottom  of  the  iron  enclosure  for  the 
crucible  must  be  absolutely  tight  and  rest  solidly  upon  the  founda- 
tion, preferably  upou  a  layer  of  cement.     Let  me  caution  you  here 
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against  using  cast-iron  plates  for  the  under  part  of  the  furnace, as  a 
slight  crack  will  admit  of  the  passage  of  melted  bullion  down  into 
the  foundation.  I  have  known  cases  where  tons  of  bullion  have 
found  their  way  into  the  foundation  of  the  furnace  through  a  hole 
not  larger  than  a  nail  hole,  and  when  the  furnace  was  taken  down  it 
necessitated  the  excavation  through  the  foundation  and  down  into 
the  clay  below  for  eight  or  nine  feet  before  the  last  of  the  bullion 
was  recovered.  Crucibles  should  be  made  of  good  fire  brick  well 
luted  together,  so  as  to  prevent  as  little  absorption  of  bullion  as 
possible.  Generally  the  jackets  rise  to  the  height  of  the  bosh 
only.  Above  this  the  furnace  is  constructed  of  brick.  Some 
metallurgists  have  advocated  the  construction  of  the  whole  furnace 
of  water  jackets.  The  only  real  advantage  in  this  is  the  fact  that 
zinc  and  other  accretions  forming  on  the  sides  of  the  furnaces  can 
be  much  more  easily  barred  off  from  iron  than  from  brick  walls. 
On  the  other  hand  is  the  liability  of  injuring  the  jackets  in  barring 
down,  the  necessity  for  increased  water  supply,  and  the  regulation 
and  care  of  the  additional  jackets. 

The  brick  work  is  supported  as  before  on  I  beams  resting  on 
iron  columns  at  the  corners,  or  by  a  combination  of  I  beams 
with  arched  steel  plates  (Colorado  Iron  Works).  Recent  con* 
structions  are  very  much  heavier  and  the  brick  walls  supported 
are  likewise  much  thicker — in  some  cases  34  inches  at  the  bottom 
— the  lining  being  of  fire-brick  with  the  ends  forming  the  interior 
surface  of  the  furnace.  These  massive  walls  resist  the  action  of 
the  heat  and  are  not  liable  to  distortion. 

Water-jackets  are  used  exclusively  for  the  lower  part  of  the  fur- 
nace. These  are  made  both  of  wrought  iron  and  of  cast  iron. 
Wrought-iron  jackets  are  generally  made  so  that  a  single  jacket 
forms  one  side  of  the  furnace,  while  cast-iron  jackets  are  made  in 
sections.  Both  constructions  have  advantages.  In  case  of  a  leak 
a  single  cast-iron  jacket  can  be  taken  out  and  a  new  one  put  in 
very  quickly  without .  blowing  out  the  furnace.  The  disadvan- 
tage of  cast  iron  is  its  liability  to  crack.  This  objection,  however, 
has  been  overcome  to  a  large  extent  by  making  the  castings  very 
carefully,  so  that  the  thickness  of  metal  is  uniform  throughout,  and 
changing  the  form  of  lugs  by  which  the  castings  are  bplted  to- 
gether, so  that  strains  will  not  break  these  off;  consequently  the 
use  of  cast-iron .  jackets  has  been  increasing  in  the  last  few  years* 
In  some  works  cast-iron  jackets  have  always  been  used  to  the  ex- 
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elusion  of  wrought  iron.  The  advantages  of  wrought-iron  jacket 
are  that  there  is  no  possibility  of  cracking  that  the  whole  sid 
of  the  furnace  can  be  formed  of  one  jacket,  and  the  life  of  the  jacket  i 
properly  cared  for  is  much  longer  than  that  of  cast  iron.  If  th< 
■water  becomes  low  in  the  jacket  and  the  iron  becomes  overheated 
the  sudden  introduction  of  cold  water  will  not  cause  a  crack,  an 
damages  to  the  jacket  can  be  repaired  to  a  very  considerable  ex 
tent  by  patching  on  the  inside.  Very  long  jackets,  however,  be 
come  very  much  warped  through  the  difference  in  expan 
sion  of  the  inside  sheet  and  the  outside  sheet,  and  a  very  decidc< 
t>ow  in  the  center  is  established,  thus  disarranging  the  interio 
shape  of  the  lower  part  of  the  furnace.  Of  course,  if  the  furnace 
are  built  in  inaccessible  places  where  it  is  difficult  to  replace  jack 
«ts,  one  would  naturally  choose  wrought  iron  in  place  of  cast  iron 
but  where  foundries  are  available  cast  iron  is  generally  preferable 
as  a  few  extra  jackets  on  hand  will  obviate  the  trouble  which  migh 
<ome  from  a  single  jacket  breaking  down.  The  old  style  of  jackcl 
and  one  which  is  still  in  use  to  a  large  extent,  has  for  the  admis 
«ion  of  air  a  hole  cast  in  the  side  of  the  jacket  in  which  i 
inserted  a  galvanized  iron  tuyere  pipe.  At  best  the  nozzles  di 
not  make  a  very  close  fit,  and  when  they  have  been  knocket 
around  by  the  furnace  men  a  few  times  it  is  impossible  to  mak 
them  air-tight.  Melted  slag  also  damages  them  to  a  greater  o 
less  extent..  When  it  is  desirable  to  lessen  the  pressure  of  bias 
or  cut  it  off  altogether  on  a  particular  tuyere  in  order  to  allow  thi 
other  tuyeres  to  melt  away  slag  obstructions,  it  can  only  be  don< 
by  tying  the  sack  so  as  to  close  it  partly,  or  by  taking  out  th' 
pipe  and  blocking  the  tuyere  opening.  Of  course  in  well  regu 
lated  furnaces  running  under  proper  conditions  these  things  ar 
very  seldom  required,  but,  at  the  same  time,  it  adds  very  much  ti 
the  convenience  of  the  furnace  to  be  able  to  do  them  without  troubli 
when  they  are  necessary.  If  it  is  easy  for  a  workman  to  make  an; 
such  temporary  changes  he  will  be  much  more  apt  to  do  then 
promptly.  This  has  led  to  the  introduction  of  a  number  of  tuyer 
-connections  which  supply  such  conditions  to  a  greater  or  less  de 
gree.  The  general  form  of  these  is  a  cast-iron  box  or  pipe  whici 
is  flanged  and  bolted  by  lug  bolts  to  the  side  of  the  furnace  so  tha 
i»y  loosening  two  bolts  it  can  be  lifted  off. 

This  tuyere  box  isattachedtothe  main  air  pipe  by  a  canvas  pipi 
or  ^y  a  rigid  iron  connection.     Personally  I  prefer  the  latter.     Th' 
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tuyere  box  is  also  provided  with  a  valve  either  in  front  of  the  tuy- 
ere opening  or  in  the  upper  part.  Some  forms  have  valves  similar 
to  a  clack  valve  with  two  openings,  one  of  which  opens  into  the 
outer  atmosphere  and  is  closed  by  the  pressure  of  the  air  holding 
the  valve  up  against  the  opening.  In  case  the  pressure  is  stopped 
suddenly  the  valve  drops  and  closes  the  opening  into  the  air  pipe 
and  falls  away  from  the  opening  into  the  air.  This  is  for  the 
purpose  of  allowing  the  gas  which  always  comes  back  into  the  air 
pipes  when  the  blast  is  stopped  to  pass  into  the  outer  air,  and 
thus  prevent  the  possibility  of  explosions,  which  are  sometimes 
very  serious  unless  proper  precautions  are  taken.  Another  form 
of  tuyere  consists  of  one  box  carried  around  the  furnace  either 
in  front  of  the  tuyeres  or  above  them  and  connected  to  the  tuyere 
openings  by  close-fitting  connections.  In  many  works  to-day  the 
whistle  of  escaping  air  can  be  heard  in  many  places,  and  I  have  no 
doubt  that  the  leakage  from  these  sources,  if  measured,  would  as- 
tonish many  metallurgists  who  consider  their  works  are  running 
very  satisfactorily.  It  certainly  needs  but  little  argument  to  show 
that  constant  leaks  through  which  air  is  blowing  at  about  two  pounds 
pressure  must  use  up  in  the  aggregate  a  very  considerable  amount 
of  power.  Power  costs  money,  and  its  loss  through  mechanical  de- 
fects in  construction  is  inexcusable. 

Furnaces  of  the  type  I  have  described  will  smelt  from  sixty  to 
one  hundred  tons  a  day  according  to  the  character  of  the  charge 
together  with  the  addition  of  a  certain  quantity  of  rich  slags* 
These  are  added  to  recover  their  valuable  contents,  and  also  to 
make  coarse  material  in  the  furnace,  which  helps  to  keep  the  fine 
ore  from  packing  and  scaffolding,  and  forms  interstices  for  the  pas- 
sage of  the  blast.  It  also  performs  another  function  which  is  not  so 
well  understood.  By  this  I  mean  that  although  slag  cannot  be 
melted  without  a  considerable  amount  of  fuel  by  itself,  yet  it  is 
universally  found  that,  given  a  charge  of  ore  running  with  the  least 
possible  fuel,  a  very  considerable  amount  of  slag  can  be  added  to 
the  charge  without  necessitating  any  increase  of  fuel.  The  prob- 
ability is  that  the  slag,  being  already  properly  proportioned  and 
having  been  liquid,  melts  first  and  acts  as  a  carrier  for  the  unfused 
slag  forming  material  in  the  charge.  In  othftr  words  it  becomes 
first,  let  us  say,  more  siliceous,  in  which  form  it  is  very  cor- 
rosive as  regards  the  bases  in  the  ore  and  combines  with  them, 
when  it  again  has  a  great  attraction  for  silica.     With  a  furnace  of 
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this  class  running  under  ordinary  conditions,  a  number  of  pro- 
ducts will  be  obtained  the  disposal  of  which  is  a  matter  for  careful 
consideration.  By  far  the  largest  product  is  of  course  the  slag. 
In  the  earlier  smelting  practice  in  this  country  the  slag  was  tapped 
directly  from  the  furnace  into  iron  slag  pots  which  were  wheeled 
to  the  edge  of  the  dump  and  the  slag  immediately  emptied  out. 
It  was  found,  however,  that  in  tapping  directly  from  the  furnace  a 
certain  amount  of  metalwas  carried  out  in  the  current  of  slag,  and 
in  addition,  when  ores  were  smelted  which  contained  sulphides,  a 
certain  amount  of  matte  was  formed  which  was  also  tapped  out  with 
the  slag.  When  no  matte  was  present  the  metal  tapped  out  with  the 
slag  could  generally  be  saved  to  a  large  extent  by  pouring  out  the 
liquid  slag  and  saving  the  partially  cooled  shell  adhering  to  the  sides 
of  the  pot.  As  soon  as  the  matte  became  a  factor  in  smelting  it 
was  necessary  to  allow  the  slag  to  cool  in  the  pots  and  afterward 
the  button  of  matte  found  at  the  bottom  of  the  cone  of  slag  was 
broken  ofT  and  saved  for  subsequent  treatment.  This,  however, 
rendered  it  impossible  to  save  the  shells,  which  were  found  to  be 
of  considerable  richness,  as  the  partially  cooled  slag  on  the  sides 
of  the  pot  prevented  the  small  globules  of  matte  and  metal  from 
settling.  The  next  step  consisted  of  having  pots  with  a  hole  bored 
in  the  side  above  the  height  to  which  the  matte  ordinarily  ex- 
tended, and  after  the  slag  had  sufficiently  settled  it  was  tapped  out 
through  this  hole,  leaving  the  rich  shell  on  the  sides  of  the  pot  and 
the  matte  in  the  bottom.  This  process  is  used  in  many  works  to- 
day, but  it  has  the  disadvantage  of  making  more  shells  ordinarily 
than  are  required  as  a  flux  for  the  ore  charge.  Besides,  it  entails 
considerable  labor  in  separating  the  matte  which  is  more  or  less 
mixed  with  slag  and  not  in  as  good  condition  for  retreatment. 
The  most  feasible  way  to  separate  the  matte  and  make  clean  slags 
is,  by  using  a  forehearth,  and  this  device  is  now  coming  into  ex- 
tensive use  in  lead  smelting.  With  the  small  furnaces  formerly  in 
use  the  forehearth  was  hard  to  manage,  as  it  gradually  crusted  up, 
owing  to  the  lack  of  sufficient  hot  slag  to  keep  it  heated  up  to  the 
melting  point.  With  the  introduction  ot  larger  furnaces,  especially 
those  of  80  to  100  tons  capacity,  it  has  been  found  practicable  to 
use  forehearths  whi^h  collect  the  matte,  and  from  which  the  settled 
slag  overflows  into  pots. 

With  coppery  ores  I  have  used  a  forehearth  to  collect  both  the 
matte,  slag,  and  lead,  and  found  it  to  work  very  satisfactorily,  except 
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for  the  disadvantage  of  cooling  too  rapidly,  to  which  I  have  caliecJ 
your  attention,  and  even  then  it  worked  more  satisfactorily  than 
the  old  method  of  separating  the  lead  inside  of  the  furnaces.  If 
lead  furnaces  could  be  constructed  to  run  satisfactorily  with  a 
capacity  of  200  tons  a  day,  I  have  no  doubt  that  the  forehearth 
could  make  a  very  complete  separation  of  clean  matte  and 
clean  slags,  and  at  the  same  time  make  long  campaigns.  I  have 
recently  seen  in  a  lead  furnace  a  forehearth  after  the  Orford  plan 
being  used,  which,  as  you  know,  is  a  rectangular  box  divided  by  a 
brick  partition  with  an  opening  between  the  two  compartments  at 
the  bottom  of  the  partition.  The  matte  and  slag  flow  into  one 
compartment  and  separate  by  gravity  and  the  matte  rises  in  the 
other  compartment  and  overflows  from  a  spout  about  two  inches 
lower  than  the  slag  spout,  the  slag  flowing  out  from  the  spout  in 
the  first  compartment.  This  was,  however,  supplemented  by  the 
addition  of  another  pot  to  catch  any  small  grains  of  matte  carried 
over  in  the  current  of  flowing.  The  best  method  of  disposing  of 
slag  is  by  granulation  in  a  current  of  water  which  carries  olT  the 
slag  and  deposits  it  at  some  point  below  the  smelter.  Where  water 
is  available  this  is  very  much  the  best  method  in  use,  and  brings 
about  a  great  saving  in  labor  and  cost.  The  slag  is  simply  al- 
lowed to  overflow  from  the  forehearth  into  a  trough  with  a  rapid 
flowing  stream  of  water  and  is  immediately  granulated  and  carried 
away  to  any  convenient  point.  Where  water  is  not  available  the 
present  practice  in  large  works  is  to  use  the  Nesmith  slag  trucks. 
As  you  know,  they  consist  of  two  large  pots  on  a  truck,  so  ar- 
ranged that  they  can  be  swung  out  to  the  side  and  dumped  on  the 
outside  of  the  track.  The  track  for  this  is  placed  along  the  edge 
of  the  slag  dump,  and  is  moved  out  as  the  dump  extends.  In  some 
works  the  slag  is  tapped  or  poured  from  the  pots  into  these  slag 
trucks.  In  others  it  is  poured  into  very  large  pots,  from  which 
the  slag  is  tapped  from  the  side, and  the  matte  tapped  subsequently 
from  the  bottom.  In  others  the  slag  empties  directly  from  the 
forehearth  into  the  bowl  of  the  truck.  The  ideal  method  for  separa. 
tion  would  be  to  have  the  slag  flow  from  the  forehearth  into  water, 
or  directly  into  large  trucks,  the  matte  being  either  tapped  from 
the  forehearth  or  allowed  to  overflow.  In  Rhodes'  method  the 
slag  and  matte  from  several  furnaces  are  poured  into  a  reverbc- 
ratory  furnace  which  is  in  effect  a  heated  forehearth. 
It  is  found  that  even  with  the  siphon  tap  for  lead  a  certair* 


WESTERN  PRACTICE  OF  METALLURGY.         363 

amount  of  lead  often  finds  its  way  out  from  the  slag  tap  into  the 
forehearth  and  this  is  obtained  either  with  the  matte  or  by  tapping 
the  foreheanh  at  its  lowest  point.  Of  course  the  most  valuable 
product  of  the  furnace  is  the  bullion,  so-called,  consisting  of  lead, 
varying  amounts  of  silver,  gold,  and  some  copper,  if  copper  is 
present  in  the  ore.  It  is  obtained  by  means  of  the  well-known  siphon 
tap,  generally  by  dipping  from  the  bowl,  but  in  some  works  by 
means  of  a  trough  which  swings  over  molds  arranged  on  tha  cir- 
cumference of  a  circle  of  which  the  trough  ie  the  radius.  With 
this  arrangement  a  number  of  moulds  are  filled  at  a  time.  Copper 
ito  lead  ores  in  any  considerable  quantity  often  causes  a  great  deal 
of  trouble  with  the  lead  in  the  crucible,  as  it  has  a  tendency  to 
separate  out  in  the  form  of  a  copper-lead  alloy,  which  gradually 
cools  and  filU  up  the  crucible,  making  it  necessary  to  blow  out  the 
furnace  and  chisel  out  the  crucible.  As  this  alloy  is  very  tough  it 
makes  the  process  very  expensive.  For  this  reason  smelters  do 
not  like  to  have  their  lead  mattes  run  over  10  per  cent,  copper. 

The  principal  part  of  the  copper  should  go  into  the  matte  which 
is  a  mixture  chiefly  of  sulphides  of  lead,  copper  and  iron.  If  this 
carries  little  copper  it  is  simply  crushed,  roasted  and  put  back  into 
the  furnace,  furnishing  iron  for  flux  and  giving  up  its  valuable 
metals  to  the  bullion. 

In  lead  bullion  carrying  copper  the  copper  is  only  paid  for  at 
the  price  of  lead  and,  as  it  is  worth  three  or  four  times  as  much,  it  is 
desirable  to  save  it  by  itself.  The  present  practice  is  to  save  the 
lead  copper  mattes,  until  a  sufficient  quantity  has  accumulated; 
roast  them  with  sufficient  heat  near  the  discharging  door  of  the 
furnace  to  make  them  slightly  sticky,  in  which  condition  they  are 
turned  out  of  the  furnace  and  allowed  to  cool.  This  agglomeration 
is  simply  to  prevent  them  from  being  blown  out  of  the  furnace  as 
dust.  The  roasted  matte  is  smelted  in  furnace  with  a  shallow 
crucible  and  with  sufficient  quartzose  ores  to  flux  the  iron.  If 
the  proper  mixture  is  made  the  lead  will  separate  as  bullion;  the 
copper  \irill  combine  with  the  sulphur  left  in  the  roasted  matte, 
making  a  matte  of  from  45  to  70  per  cent,  copper,  the  iron  com- 
bining with  the  silica  and  making  a  fusible  slag.  Twelve  years 
ago  I  had  to  face  the  problem  of  the  disposal  of  a  very  consider- 
able quantity  of  these  mattes  carrying  a  large  amount  of  silver 
where  shipment  was  impossible.  I  was  able,  by  running  a  basic 
iron  slag,  to  make,  a  very  rich  copper  matte  and  to  obtain  a  lead 
bullion  carrying  not  over  5  per  cent,  of  copper. 
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The  last  product  of  the  furnace  and  one  which  is  very  annoy- 
ing is  the  smoke  and  dust  which  pass  out  with  the  products 
of  combustion.  In  custom  smelting  works  the  ore  is  almost  all 
crushed  to  a  very  fine  state  for  accurate  sampling  and  for  roasting, 
and  the  amount  of  flue-dust  becomes  a  very  considerable  item 
and  one  that  cannot  possibly  be  disregarded.  All  well  equipped 
furnaces,  therefore,  are  provided  with  dust  chambers,  more  or  less 
extensive.  These  are  of  many  and  various  types.  Some  are  con- 
structed of  brick  with  hollow  walls  for  cooling  with  a  total  length 
of  passages  as  much  as  a  mile.  Others  are  constructed  of  sheet 
iron  with  a  V-shaped  bottom,  the  whole  structure  being  en- 
closed to  prevent  condensation  of  acid  fumes  by  cooling.  The 
bottom  of  the  dust  chambers  is  provided  with  openings  so  that 
the  dust  can  be  drawn  off  at  intervals  into  a  car  which  runs  on 
a  track  under  the  chamber.  Another  class  which  is  used  with 
very  satisfactory  results  makes  the  final  separation  of  the  fume  by 
filtering  through  cloth.  One  type  of  apparatus  for  this  purpose  is 
a  house  filled  with  long  bags  through  which  smoke  is  forced  by  a 
ventilating  fan.  Thes^Tbags  are  shaken  from  time  to  time  in  order 
to  keep  the  pores  from  becoming  stopped  with  the  dust,  and  the  dust 
is  taken  out  at  intervals  from  the  bottom  of  the  sacks.  A  later  in- 
vention than  this  consists  of  houses  in  which  are  sheets  of  cotton 
cloth  stretched  in  tent-shape  from  the  top.  The  smoke  is  forced 
through  these  and  the  tents  are  beaten  at  intervals  with  rods 
moved  by  a  lever  from  the  outside  of  the  building,  the  dust  falling 
to  the  floor.  The  disposal  of  the  dust  has  been  a  very  annoying 
problem.  In  some  places  it  has  been  made  into  bricks  with  clay 
or  with  milk  of  lime  either  by  hand  or  by  machine.  In  other 
places  it  is  immediately  put  into  the  reverberatory  furnaces  and 
heated  until  it  slags  together.  The  fume  from  the  bag  houses, 
however,  is  combustible  and  after  a  sufficient  amount  has  accumu- 
lated on  the  floor  of  the  house  it  is  set  on  fire  by  throwing  live 
coals  on  the  surface  at  intervals.  Apertures  are  opened  to  admit 
air  and  a  gradual  combustion  takes  place,  sintering  the  mass 
together  and  forming  a  product  something  like  coke,  which  is  in 
the  very  best  possible  condition  for  treatment  in  the  furnace.  It 
has  also  been  found  that  dust  collected  in  the  chambers  before  the 
smoke  reaches  the  bag  house  is  combustible  and  in  some 
works  this  dust  is  simply  piled  in  small  houses  with  brick  walls 
and  set  on  fire.     Air  is  admitted  and  combustion  goes  on  until  the 
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whole  mass  is  sintered  together.  Smelting  has  now  become  sub- 
ject to  so  much  competition  that  there  is  an  absolute  necessity  for 
saving  all  the  values  possible  in  the  ore.  Metallurgists  who  are 
working  on  ores  from  their  own  mines  are  often  too  careless  about 
their  losses,  but  it  is  just  as  reprehensible  to  lose  values  when  you 
are  working  on  your  own  ores,  and  with  much  larger  margins  for 
loss,  as  it  is  when  you  are  working  on  custom  ores  where  you  are 
in  competition  with  other  skillful  metallurgists. 

I  have  used  a  method  of  blowing  in  lead  furnaces  which  I  think 
has  sufficient  novelty  to  merit  a  description.  It  starts  the  furnace 
off  in  good  condition,  and  with  ordinary  care  gives  very  little 
trouble. 

The  crucible  is  heated  with  cord  wood  and  as  soon  as  the  walls 
are  fairly  hot  a  2-inch  pipe  bent  at  an  angle  is  inserted  through 
the  breast  to  the  bottom  of  the  wood  fire  and  air  is  blown  in. 
The  crucible  is  filled  with  cord  wood  and,  as  soon  as  it  is  blazing 
well,  several  bars  of  bullion  are  shoved  in  on  a  plank  and  tipped 
off  on  the  wood.  This  bullion  melts  and  runs  down  through  the 
hot  fire  to  the  bottom,  becoming  red-hot.  This  process  is  con- 
tinued until  the  crucible  is  full  of  lead,  when  the  fire  is  raked  oiit 
and  the  lead  thoroughly  stirred  up  from  the  bottom  and  skimmed. 
The  crucible  and  siphon  are  then  full  of  red-hot  lead  perfectly 
clean.  Brands  and  wood  are  then  put  back  on  the  lead  to  form  a 
support  for  the  coke  and  to  kindle  it;  the  breast  is  put  in  and  the  fur- 
nace filled  with  coke  to  about  18  inches  above  the  tuyeres;  then  light 
slag  charges  and  coke  to  the  top  of  the  jackets ;  then  charges 
part  ore  and  slag  and  finally  normal  ore  charges  to  the  top. 

A  light  blast  is  turned  on  until  the  slag  begins  to  show  at  the 
slag  taps  and  it  can  then  be  raised  gradually  to  normal  pressure. 
In  this  way  the  fusion  zone  is  kept  from  rising  and  the  furnace 
starts  off  with  cool  walls  and  a  cool  top.  If  lead  makes  too 
slowly  and  shows  a  tendency  to  cool  in  the  well,  a  few  bars  can  be 
dipped  out  and  charged  into  the  furnace  again. 
.  With  this  hasty  survey  we  must  leave  the  subject  of  lead-silver 
ore  smelting.  You  cannot  fail  to  realize  that  neither  methods 
or  their  limits  are  vet  well  defined. 

The  aim  of  the  best  metallurgists  may  be  summed  up  in  a  few 
words  : 

1.  The  largest  furnaces  compatible  with  good  work. 

2.  Slags  which  will  permit  the  largest  amount  of  refractory  and 
hence  profitable  ingredients. 
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3.  A  perfect  initial  separation  of  slag,  matte  and  bullion  by  au 
tomatic  appliances,  with  mechanical  handh'ng  of  the  slag. 

4.  Economical  treatment  of  lead  copper  mattes. 


PRINCIPLES  OF  ELECTRICAL  DISTRIBUTION.— IIL 

By  FRANCIS  B.  CROCKER. 

Modifications  of  the  Three-wire  System. 

Various  forms  of  the  three-wire  system  have  been  used  or 
suggested  as  substitutes  for  the  ordinary  arrangement  with  two 
dynamos.  One  of  these  modifications,  illustrated  in  Fig.  25,  re- 
quires only  a  single  dynamo  D  generating  the  total  pressure  for 
both  sides  of  the  system,  which  is  usually  about  230  volts.  A 
storage  battery  A  B  is  connected  between  the  two  outside  wires 
-f  and  — ,  the  neutral  wire  o  being  led  to  the  middle  point  of  the 
battery.  In  cases  where  it  is  advantageous  to  employ  a  battery  to- 
equalize  the  load  on  the  engines,  or  for  other  reasons,  this  plan  is 
a  convenient  one,  since  it  only  necessitates  the  running  of  one 
dynamo.  The  potential  of  the  neutral  wire  o  may  be  varied  to 
make  up  for  differences  in  load  on  the  two  sides  of  the  system  by 
shifting  the  point  at  which  it  is  connected  to  the  battery.     If  the 
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Figs.  25  and  26. — Three-Wire  Systems. 

difference  of  potential  between  the  two  outside  conductors  is 
greater  than  the  E.  M.  F.  of  the  battery,  the  latter  will  be  charged^ 
and  vice  versa,  the  same  as  in  a  two -wire  system.  With  a  three- 
wire  circuit  it  is  also  possible  for  one  part,  A,  of  the  battery  to  be 
discharging  while  the  other  part,  B,  is  charging^  This  may  occur 
if  there  are  a  great  many  lamps  on  the  -|-  side,  and  very  few  lamps 
on  the  —  side.  The  function  of  the  battery  is  to  act  as  an  equal- 
izer, taking  or  giving  current,  as  required,  and  keeping  the  neutral 
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wire  approximately  midway  in  potential  with  respect  to  the  twi> 
outer  conductors. 

Fig.  26  indicates  another  three-wire  arrangement  that  can  be 
operated  with  only  one  generator  D,  the  neutral  wire  being  con- 
nected to  a  third  brusl)  F  placed  halfway  between  the  main  brushes 
E  and  G,  to  which  the  outside  wires  +  and  —  are  respectively  at- 
tached. With  most  types  of  dynamo  the  brush  F  would  spark 
excessively  because  it  short  circuits  the  armature  coils  when  they 
are  generating  the  maximum  E.  M,  F,  There  are  several  ways  to 
avoid  this  difficulty,  one  of  which  consists  in  employing  a  four- 
pole  dynamo.  Fig.  27,  having  two  adjacent  north  poles  N  and  .V, 
the  other  two  being  south  poles,  5  and  S.  The  machine  thus  be- 
comes in  effect  a  bipolar  dynamo  with  each  pole  'divided,  the 
armature  coils  short-circuited  by  the  brush  F  being  in  the  space 
between  the  two  halves  5"  and  S  of  the  south  pole,  where  they 
generate  little  or  no  E.  M.  F.  A  dynamo  to  be  used  in  this  way 
requires  a  field  magnet  ring  of  sufficient  cross-section  between  the 
jVand  S  poles  (i.  e.,  at  the  top  and  bottom  in  Fig.  27)  to  carry 
the  total  magnetic  flux  of  one  field  core.  In  an  ordinary  multi- 
polar machine  with  alternate  N  and  S  poles  this  ring  need  only 
have  one  half  the  sectional  area.  Since  practically  no  flux  passes 
through  the  two  sides  of  the  ring  they  might  be  greatly  reduced 
in  size,  but  this  is  limited  by  considerations  of  strength  and  ap- 
pearance. The  radial  depth  of  the  armature  core  must  also  be 
sufficient  for  the  total  flux  of  one  field  core.  The  extra  quantity 
and  less  favorable  disposition  of  material  in  the  generator  is  not  a 
very  serious  matter  however,  and  this  plan  of  operating  a  three- 
wire  system  would  often  be  a  very  practical  and  convenient  one 
for  small  plants. 

There  is,  however,  with  this  arrangement  the  difficulty  that  ar- 
mature reaction  tends  to  increase  the  flux  in  the  lower  5  pole  and 
reduce  it  in  the  other,  hence  the  voltage  on  the  +  side  of  the  sys- 
tem would  be  less  that  on  —  side  with  heavy  loads.  This  can  be 
counteracted  by  compound  winding  on  the  upper  S  pole  and  dif- 
ferential winding  on  the  lower  5  pole.  Another  way  to  supply  a 
three-wire  system  with  a  single  dynamo  was  devised  by  Dobrow- 
olsky.  It  consists  in  connecting  two  opposite  points  of  agramme 
ring  armature  together  through  a  self-induction  coil,  to  the  middle 
point  of  which  coil  the  neutral  wire  of  the  system  is  attached. 
The  self-induction  of  this  coil  prevents  it  from  acting  as  a  short 
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circuit,  but  causes  the  neutral  wire  to  maintain  a  potential  approx- 
imately midway  between  the  +  and  —  wires.  * 

In  the  three-wire  system  represented  in  Fig.  28  the  neutral  wire 
o  is  connected  to  an  auxiliary  machine  H  which  supplies  a  poten- 
tial one  half  as  great  as  that  of  the  main  dyna^no  D,  The  machine 
H  acts  as  a  generator  when  the  —  side  requires  more  current  than 
the  +  side,  but  it  runs  as  a  motor  when  the  current  on  the  +  side 
is  greater.  Hence  it  should  be  belted  to  or  directly  coupled  with 
the  dynamo  D  in  order  to  save  its  power  when  acting  as  a  motor. 


Fig.  27. — Three-Wire  System  with  One  Dynamo. 


The  machine  Hy  being  intended  to  carry  only  the  difference  be- 
tween the  currents  on  the  two  sides  of  the  system,  may  have  only 
S  or  10  per  cent,  of  the  capacity  of  the  dynamo  D,  This  is  suf- 
ficient as  long  as  the  sides  are  fairly  well  balanced,  but  is  entirely 
inadequate  if  the  difference  becomes  great,  which  may  easily  occur 
by  accident.  The  ordinary  three-wire  arrangement,  or  that  shown 
in  Fig.  26,  has  the  advantage  of  being  able  to  operate,  if  neces- 
sary, with  a  full  load  on  one  side  and  none  on  the  other,  which 
might  occur  if  there  was  an  open  circuit  on  one  of  the  outside 
wires,  due  to  the  blowing  of  a  fuse  or  to  some  other  cause. 

The  same  reasoning  apph'es  to  the  storage  battery  in  Fig.  25, 
which  may  be  designed  to  have  a  capacity  equal  to  the  full  load 
or  only  a  fraction  of  it. 

In  Fig.  29  the  two  auxiliary  machines  i^and  N  are  mechanic- 
ally coupled  together  and  each  generates  one  half  as  much  pres- 
sure as  the  main  dynamo  D,  These  machines  serve  to  equalize 
the  pressure  and  load,  the  one  on  the  more  lightly  loaded  side 
running  as  a  motor  and  driving  the  other  as  dynamo.     Hence 
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they  are  capable  of  operating  with  a  difference  in  energy  on  the 
two  sides  of  the  circuit,  equal  to  their  combined  capacity. 

This  combination  involves  three  machines  in  place  of  the  two 
dynamos  required  in  the  ordinary  three-wire  system,  nevertheless, 
it  is  very  commonly  and  successfully  used,  being  in  many  cases  de- 
cidedly preferable  to  the  latter.  The  two  machines  jl/and  N  are 
entirely  self-acting,  driving  each  other  mechanically  and  maintain- 
ing equal  voltages,  with  very  little  attention  or  likelihood  of 
trouble.  They  are  much  more  easily  operated  than  a  second 
dynamo,  and  the  friction  and  other  losses  involved  are  also  con- 
siderably less.  If  both  armature  windings  are  upon  the  same  core, 
armature  reaction  is  neutralized  and  the  tendency  to  sparkling 
greatly  reduced.  A  still  more  important  advantage  is  the  fact  that 
the  double  machine  M-  N  can  be  placed  at  any  desired  distance 


Figs.  aS  and  ag— Tiirke.Wibb  System. 

from  the  generating  plant  and  connected  to  it  by  two  feeders,  three 
wires  being  required  only  for  the  local  distribution.  It  is  also 
possible  to  run  a  "  booster "  or  small  auxiliary  series-dynamo  by 
means  of  the  equalizing  machines  J/ and  N,  in  order  to  raise  the 
pressure  of  the  circuit  and  make  up  for  drop  on  the  conductors. 
This  and  several  other  applications  of  equalizing  machines  arc  de- 
scribed in  77«  Electrical  World,  May  23.  1896,  p.  596. 

The  storage  battery  represented  in  Fig.  25  can  also  be  placed  at 
a  distance  from  the  generator  in  order  to  secure  a  similar  saving 
in  the  number  of  conductors.  It  possesses  the  additional  advan- 
tage over  the  equalizing  machines  that  it  enables  the  current  on 
the  feeders  to  be  made  more  uniform,  the  battery  being  charged 
during  periods  of  light  load  and  discharged  when  the  demands  for 
current  are  great.  This  permits  feeders  of  smaller  size  to  be  used, 
and  also  reduces  the  variations  in  load  on  the  generating  plant,  so 
that  the  latter  operates  more  efficiently  and  can  be  designed  for 
less  capacity  than  the  maximum  load. 

Conversion  from  Three  to  Two-  Wire  System.  A  three-wire  sys- 
tem of  conductors  can  readily  be  connected  so  that  it  may  be  used 
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as  an  ordinay  two-wire  circuit.  For  this  purpose  the  two  outside 
wires  are  connected  to  one  terminal  and  the  middle  wire  to  the 
other  terminal  of  the  generator,  as  represented  in'  Fig.  30.  The 
lamps  are  fed  between  the  middle  conductor  and  either  of  the 
others,  but  the  direction  of  current  is  reversed  in  all  of  those  that 
are  on  one  side  of  the  system.  This  makes  no  difference  in  the 
operation  of  incandescent  lamps,  but  would  require  the  connec- 
tions of  arc  lamps  to  be  reversed,  the  same  being  true  of  storage 
batteries,  electroplating  cells  or  other  electrochemical  apparatus 
that  may  be  on  that  side  of  the  system.  Motors  operated  on  one 
side  of  the  circuit  would  not  be  affected  since  the  direction  of  ro- 
tation is  not  changed  by  reversing  the  current  in  both  armature 
and  field  coils.     But  a  motor  or  other  device  connected  across  the 


Fig.  30. — Conversion  from  Three.Wire  to  Two-Wire  System. 

outside  wires,  which  is  the  usual  arrangement  for  the  former, 
would  receive  no  current  because  these  wires  are  of  practically  the 
same  potential  when  used  as  a  two-wire  circuit. 

The  drop  on  the  conductors  is  greatly  increased  by  conversion 
to  the  two-wire  arrangement.  In  a  perfectly  balanced  three-wire 
system  there  is  practically  no  current  or  drop  on  the  middle  wire, 
but  when  used  as  a  two-wire  circuit  the  current  and  drop  on  this 
conductor  is  twice  that  in  either  of  the  others,  consequently  the 
total  drop  is  three  times  as  great  as  before.  There  is  also  danger 
of  blowing  the  fuses  on  the  middle  wire,  or  overheating  it,  unless 
it  is  specially  designed  to  be  used  in  this  way. 

There  are  two  cases  in  which  the  conversion  from  the  three 
to  the  two-wire  system  is  commonly  practiced.  First,  a  central 
station  or  isolated  plant,  which  is  operated  on  the  three-wire  plan, 
when  heavily  loaded,  and  on  the  two-wire  plan  for  light  loads,  one 
dynamo  being  sufficient  in  the  latter  case,  and  the  drop  on  the 
conductor  being  quite  small.  Second,  an  isolated  plant,  which  is 
supplied  by  its  own  generator  most  of  the  time,  but  is  connected 
to  the  thfee-wlre  "  street  circuit"  (/.  e,,  central  station  conductors) 
•during  certain  portions  of  the  day  or  night,  or  in  case  its  machin- 
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€ry  is  disabled.  On  account  of  the  latter  contingency  the  name 
*'  breakdown  switch  "  is  applied  to  the  device,  which  connects  the 
inside  wiring  to  the  outside  conductors.  This  switch  is  so  made 
that  it  simultaneously  opens  the  connections  with  the  local  gener- 
ator. 

Laying  and  Operating  Three-wire  Systems. 

The  general  arrangement  of  three-wire  feeders  and  mains  may 
be  made  substantially  the  same  as  already  described  for  the  two- 
wire  system,  the  same  methods  and  care  being  used  in  regulating 
the  voltage.  The  feeders  may  consist  of  three  conductors  of  the 
same  size,  but  usually  the  neutral  feeder  is  made  one-half  as  large 
as  either  of  the  others,  and  if  storage  batteries  or  equalizing  ma- 
chines are  placed  at  the  outer  ends  of  the  feeders,  the  neutral  con- 
ductor may  be  omitted,  as  previously  explained  on  page  369.  For 
the  mains  and  leads  the  three  wires  are  generally  made  the  same 
in  size.  The  important  point  in  connection  with  the  three-wire 
system  is  the  necessity  for  carefully  balancing  it ;  that  is,  keeping 
the  currents  on  the  two  sides  approximately  equal.  To  accom- 
plish this,  the  lamps  and  other  devices  requiring  current  are  divided 
between  the  two  sides  of  the  system  so  that  the  loads  shall  be  as 
nearly  as  possible  the  same  for  full  capacity  or  any  fraction  of  it. 
For  this  reason  all  three  wires  should  be  carried  to  ^ny  point 
where  energy  is  required  unless  the  amount  is  extremely  small. 
This  applies  to  every  building  even  though  it  contains  only  a  few 
lamps,  and  in  fact,  to  almost  every  room  that  is  to  be  supplied 
with  current.  In  this  way  the  chance  of  having  any  considerable 
difference  in  load  is  reduced  to  a  minimum. 

Nevertheless,  it  is  possible  that  a  great  many  lamps  might 
happen  to  be  lighted  on  one  side  of  the  system  and  very  few  on 
the  other  side,  in  which  case  the  drop  in  voltage  would  have  about 
twice  its  normal  value  for  the  larger  number  of  lamps,  while  the 
pressure  might  be  raised  for  the  smaller  number,  as  already  ex- 
plained (Fig.  22).  The  likelihood  of  this  happening  is  small,  howr 
ever,  particularly  in  large  systems,  provided  the  lamps  are  care* 
fully  divided  in  wiring  them.  In  case  many  lamps  are  to  be 
lighted  at  the  same  time,  they  should  be  controlled  by  the  three- 
pole  switches,  which  connect  them  to  the  two  sides^  equ^illy,  or 
they  should  be  divided  into  groups  which  are  thrown  on  the  sides 
alternately. 
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Gromiding  the  Neutral  Conductor.  A  question  that  has  aroused 
much  discussion  is  the  advisability  of  purposely  grounding  the 
neutral   conductor   of  a  three-wire   system.     The   two  principal 
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Figs.  30A  and  31. — Peculiar  Conditions  on  Three-Wire  System. 

arguments  in  favor  of  this  plan  are :  First,  it  practically  limits  the 
potential  between  any  point  on  the  system  and  the  earth  to  about 
1 10  volts.  Second,  it  greatly  reduces  the  drop  on  the  neutral  con- 
ductor, since  the  current  can  also  flow  through  the  earth.  In  re- 
gard to  the  first  of  these  reasons,  it  is  a  fact  that  the  potential  of 
the  positive  wire  may  rise  to  220  volts  if  the  negative  wire  becomes 
grounded,  or  vice  versa^  when  the  neutral  wire  is  insulated.  But  it 
can  hardly  be  said  that  trouble  would  be  avoided  if  the  neutral  were 
grounded,  as  the  effect  of  a  ground  on  either  of  the  other  sides 
would  then  be  to  make  a  short  circuit  which  would  blow  the  fuse  of 
that  wire,  and  perhaps  that  of  the  neutral  also,  thus  putting  out  the 
lamps  on  that  portion  of  the  circuit  To  be  sure  this  locates  the 
trouble  and  calls  for  immediate  attention,  which  may  be  a  simple, 
but  is  also  a  crude  way  to  keep  the  circuits  clear  of  faults.  If  an 
accidental  ground  connection  exists  on  one  of  the  conductors  when 
the  neutral  wire  is  not  grounded,  no  trouble  results  until  another 
ground  occurs  on  one  of  the  other  two  conductors.  In  the  mean- 
time an  opportunity  is  afforded  to  correct  the  fault  before  any  in- 
terruption of  service  or  difficulty  of  aiiy  kind  is  experienced. 

Unfortunately  it  is  very  troublesome  to  detect  and  locate  a 
ground  connection  even  on  a  two-wire  circuit  and  still  more  so 
with  three  wires.  Nevertheless  there  are  methods  which  will  ac- 
complish this  result,  and  if  these  were  more  generally  used  they 
would  be  found  to  afford  reasonably  practical  and  convenient 
means  of  taking  care  of  three-wire  systems.  But  these  methods 
fail ;  in  fact  the  problem  is  practically  impossible  to  solve  if  the 
neutral  wire  is  grounded. 

Regarding  the  second  advantage  of  grounding  the  neutral  con- 
ductor, it  may  be  said  that  it  is  well  enough  to  use  the  earth  to  re- 
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inforce  the  conductance  of  the  circuit,  provided  no  serious  difficuhy 
results.  But  it  is  found  that  great  damage  is  done  by  electrolytic 
action  on  gas,  water  and  other  kinds  of  pipes  if  large  currents  are 
allowed  to  flow  promiscuously  through  the  earth.  In  the  case  of 
electric  railways  with  overhead  trolleys  it  is  necessary  to  allow  the 
current  to  pass  into  the  track  or  else  adopt  the  double-trolley  sys- 
tem, which  is  complicated  and  not  considered  practicable.  But 
even  for  the  trolley  system  the  tendency  is  to  demand  more  perfect 
bonding  of  the  rails,  and  the  use  of  return  feeders  to  reduce  the 
stray  currents.  In  electric  lighting  no  very  strong  reason  exists 
for  intentionally  grounding  the  circuit  or  any  portion  of  it,  except 
perhaps  the  secondary  circuit  of  a  transformer,  as  a  safeguard  in 
case  the  high-tension  primary  circuit  accidentally  connects  with 
the  secondary. 

Insurance  and  fire  department  authorities  are  vigorously  opposed 
to  grounding  the  neutral  of  a  three-wire  system,  or,  in  fact,  any 
part  of  an  electrical  circuit,  their  experience  having  convinced 
them  that  it  is  the  source  of  much  danger  and  trouble.  It  is  be- 
cause of  this  opposition  that  the  practice  has  been  abandoned  or 
avoided  as  far  as  possible,  as  many  central  station  officers  would 
prefer  to  ground  the  neutral  conductors. 

Peculiar  Conditions  on  a  Three-wire  System.  The  following  cases 
may  occur : 

1.  The  dynamo  or  dynamos  on  one  side  of  the  system  may  be 
accidentally  reversed,  so  that  both  of  the  outside  wires  are  positive 
or  both  negative.  In  that  case  a  motor  or  other  device  fed  by  the 
two  outside  conductors  will  receive  no  current,  but  lamps,  etc,  con- 
nected between  the  neutral  and  either  of  the  outside  wires  will  have 
the  usual  voltage  reversed,  however  on  one  side. 

2.  If  one  of  the  outside  wires  is  open  at  B,  Fig.  30a,  due  to  the 
blowing  of  a  fuse  or  other  cause,  amotor,jJ'/(220-voIt),  beyond  the 
break,  B,  will  receive  some  current  at  1 10  volts  through  any  lamps, 
L,  that  may  be  on  the  same  side  of  the  break  as  the  motor,  and  on 
the  same  side  of  the  system  as  the  break.  These  lamps  will  light 
up  when  the  motor  is  connected,  but  the  latter  will  not  have  much 
power. 

3.  If  the  neutral  wire  is  open,  a  motor  or  other  device  connected 
to  the  outside  wires  will  act  as  usual,  but  lamps  on  one  side  of  the 
system  will  burn  more  brightly  than  those  on  the  other  side,  unless 
the  two  sides  are  exactly  balanced. 
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4.  If  one  of  the  outside  wires,  Fig.  31,  becomes  grounded  at  P, 
a  iio-volt  lamp,  Z,  or  other  apparatus,  also  grounded  and  con- 
nected to  the  other  outside  wire,  will  receive  220  volts  which  is 
likely  to  deistroy  it. 

Five-wire  Systems. 

The  principle  of  the  three-wire  system  may  be  extended,  in  order 
to  effect  a  still  greater  saving  of  copper  in  electrical  distribution- 
It  would  be  possible,  for  example,  to  have  a  four-wire  system  re- 
quiring two-ninths  as  much  copper  as  an  equivalent  two-wire  cir- 
cuit, but,  for  reasons  to  be  given  later,  it  has  rarely-,  if  ever,  been 
tried.  The  five-wire  system  is  employed  in  many  places  in  Europe, 
but  has  not  been  introduced  to  any  extent  in  this  country.     It  may 
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Fig.  33  AND  33. — Five-Wire  Systems. 

be  operated  with  four  dynamos,  C,  D,  E  and  Fy  as  represented  in 
Fig.  32,  but  the  arrangements  shown  in  Figs.  33  and  34  are  more 
common.  The  second  of  these  is  similar  to  the  three-wire  system 
illustrated  in  Fig.  29,  only  one  main  dynamo,  D^  being  required, 
and  tl|e  total  pressure  generated  by  it,  ordinarily  about  440  volts, 
is  subdivided  by  the  four  small  equalizing  machines  or  compen- 
sators, y,  A",  L  and  M,  These  may  consist  of  four  separate  ma- 
chines mechanically  connected  together,  or  they  may  be  made 
with  all  of  their  armature  windings  upon  the  same  core  and  acted 
upon  by  one  field  magnet,  in  order  to  neutralize  the  effects  of 
armature  reaction.  Fig.  33  shows  a  combination  similar  to  the 
three-wire  system  represented  in  Fig.  25,  a  battery,  -A^,  Fy  Q,  R^ 
being  utilized  to  subdivide  the  voltage  of  the  main  dynamo  D. 
The  conductors  are  designated  as  shown  in  Fig.  32,  the  two  extra 
wires  being  called  the  •*  positive  neutral "  ©  and  the  "  negative 
neutral"  ©  respectively. 

The  comparative  weight  of  copper  required  for  the  five-wire 
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system  mgy  be  determined  by  reasoning  similar  to  that  used  in 
connection  with  the  three- wire  diagrams  (Figs.  23  and  24).  But 
it  can  be  arrived  at  more  simply  by  considering  that  the  current 
in  each  of  the  outside  wires  of  a  perfectly  balanced  five-wire  sys- 
tem is  one-quarter  as  much  as  in  a  two-wire  circuit  supplying  the 
same  number  of  lamps.  Hence  the  drop  is  only  one-quarter  as 
great  in  the  former  case,  assuming  the  conductors  to  be  of  the 
same  size.  But  since  with  five  wires,  there  are  four  sets  of  lamps 
in  series,  the  percentage  of  drop  's  J^  x  J^  ■—  y'y  as  much,  or  in 
other  words,  each  conductor  need  be  only  one-sixteenth  as  large 
for  the  same  percentage  of  drop.  Therefore  the  two  outside  con- 
ductors of  the  five-wire  system  weigh  one-sixteenth  as  much 
as  those  of  an  equivalent  two-wire  circuit  and  the  five  conductors 
weigh  I  X  T^y  ^  -^  as  much  if  ail  are  made  of  the  same  size.  By 
making  each  of  the  three  intermediate  wires  one-half  as  large 
as  each  of  the  outside  ones,  the  total  weight  is  reduced  to 
A  -I-  T  X  -j^  =  ^j,  or  less  than  one-eighth  as  much  copper  as  the 
two-wire  circuit  demands.  The  various  results  that  have  been  ob- 
tained may  be  recapitulated  as  follows : 

Comparative  weights  of  copper  required. 

Ofdmity  Iwo-wire  system 1,000 

TTiree-wire  system,  all  three  wireaof  same  size 375 

Three-wiresystem,neu[talanehalfsize  .313 

Fonr-wire  system,  all  four  wires  of  same  size 323 

Five-wire  system,  all  five  wires  of  same  siie 156 

FiTe-wiresys(em,tbre« inside  wicesoDe-bsirsiie 109 

It  is  evident  that  similar  systems  having  a  greater  number  of 
wires  might  be  designed,  but  they  would  be  extremely  compli- 
cated and  of  very  doubtful  advantage.  In  fact,  the  desirability  of 
a  five-wire  system  is  questionable,  since  the  use  of  220-voIt  lamps 
enables  three-wire  circuits  to  be  operated  at  440  volts.  A  five- 
wire  system  calls  for  an  even  more  perfect  balance  of  load  than  is 
needed  for  three-wire  circuits.  This  is  secured  by  carefully  divid- 
ing the  lamps,  etc.,  between  the  four  parts  of  the  system  so  that 
the  loads  may  be  as  nearly  equal  as  possible  at  all  times.  To  this 
end  all  five  wires  should  be  carried  wherever  any  considerable 
amount  of  energy  is  likely  to  be  used,  as  represented  at  A  in  Fig. 
34,  If  the  demand  for  current  is  small  it  is  only  necessary  to  run 
three  wires,  as  shown  at  B.  But  in  this  case  an  approximately 
equal  load  /'should  be  connected  to  the  other  side  of  the  system. 
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For  very  small  loads,  E,  7%  R  and  5,  it  may  be  allowable  to  put 
them  on  the  separate  parts  of  the  systems,  provided  they  are 
equally  distributed  as  represented.  Motors  should  generally  be 
supplied  from  the  two  outside  wires  (440  volts)  as  indicated  at  N^ 
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Fig.  34. — FivK-wiRE  System. 

but  if  they  are  not  large  they  may  be  connected  to  the  +  and  o  or 
to  the  o  and  —  conductors  (220  volts)  at  B  or  P,  and  very  small 
machines,  such  as  fan  motors,  may  be  connected  to  adjacent  wires 
(1 10  volts)  at  E  or  R,  Arc  lamps  may  be  arranged  as  shown  at 
-Fand  5,  or  a  suitable  number  may  be  put  in  series  across  the  out- 
side wires  at  A  or  B, 

The  flow  of  the  currents  and  values  of  the  potential  in  five-wire 
.systems  may  be  determined  by  extending  the  methods  already  de- 
scribed in  connection  with  three-wire  circuits.  Although  appar- 
ently a  complicated  matter,  a  problem  of  this  kind  can  be  solved 
without  much  difficulty  in  most  cases.  In  practice,  the  current  to 
be  supplied  is  usually  known,  or  its  probable  value  may  be  assumed. 
A  diagram  similar  to  Fig.  35  should  then  be  made,  showing  the 
arrangement  of  circuits  and  distribution  of  current.  It  is  much 
simpler  and  in  most  cases  sufficiently  accurate  to  consider  the 
lamps  or  other  apparatus  requiring  energy,  to  be  located  in  groups, 
approximating  as  closely  as  possible  their  actual  positions. 

This  enables  the  conductors  to  be  divided  into  sections,  in  each 
of  which  the  current  is  uniform,  as  represented  in  Fig.  35.  The 
determination  of  the  amount  and  direction  of  the  currents  in  the 
various  sections  is  easily  made.     If  10  amperes  are  required  at  E 
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and  also  at  F,  it  follows  that  that  amount  of  current  will  flow  out 
on  the  +  wire  and  half-way  back  on  the  ©  wire,  there  being  no 
current  in  the  rest  of  this  conductor.  Since  5  amperes  are  re- 
quired at  G,  one-half  of  the  10  amperes  will  flow  out  to  that  point 
and  the  other  five  amperes  will  return  to  the  dynamo  through  the 
O  conductor,  the  function  of  the  three  neutral  or  intermediate 
wires  being  to  carry  the  difference  between  the  currents  used  in  the 
adjacent  portions  of  the  system,  whatever  its  amount  and  direction 
may  be. 

The  five  amperes  required  at  H  arc  supplied  by  the  ©  conduc- 
tor, and  the  g  amperes  used  at  /  by  the  same  current  that  flows 
through  G,  hence  there  is  no  current  in  the  outer  half  of  the  © 
wire.    The  currents  from  H  and  /  return  to  the  dynamo  D  by  the 
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—  conductor  as  shown.  In  a  similar  manner  the  flow  of  current 
in  any  multiple-wire  system  may  be  determined,  no  matter  how 
large  or  how  small  the  loads  on  the  different  parts  may  be. 

The  next  step  is  to  determine  the  voltage  at  the  various  points, 
as  indicated  in  Figs.  36  and  37.  Let  us  first  consider  the  case 
(Fig.  36)  of  10  amperes  being  required  at  E,  with  no  current  used 
in  the  rest  of  the  system.  Assuming  each  conductor  to  have  one 
ohm  resistance,  the  drop  on  the  -|-  is  10  volts  and  the  same  on  the 
Q  wire,  so  that  the  lamps  receive  only  93  volts,  the  pressure  at  the 
dynamo  being  115  volts.  There  will  be  no  drop  on  any  of  the 
other  three  wires,  since  no  current  is  drawn  from  them.  It  is  in- 
teresting to  observe  that  the  potential  difference  between  the  ex- 
tremities of  the  ®  and  O  wires  will  be  1 25  volts,  as  shown  in  Fig. 
36.    If  three  other  groups  of  lamps  were  added  so  that  10  amperes 
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would  flow  directly  across  from  E  to/,  the  total  drop  would  be  20 
volts  as  before,  10  volts  drop  being  transferred  from  the  ©  to  the 
—  wire,  and  each  group  would  receive  1 10  volts  instead  of  95,  the 
aggregate  number  of  lamps  being  four  times  as  great.  This  brings 
out  forcibly  the  advantage  of  a  perfectly  balanced  five-wire  system 
over  a  two-wire  circuit,  which  the  first  case  practically  amounted  to. 

With  groups  of  lamps  placed  at  if,  F,  G,  //andy  (Fig.  37),  the 
pressure  is  far  from  uniform,  although  the  system  is  fairly  well 
balanced  in  the  number  of  lamps,  but  not  in  their  position.  This 
potential  diagram  is  made  by  drawing  from  the  five  points  marked 
+  >  ®f  O,  ©  and  —  lines  representing  the  pressure  in  the  respective 
conductors  and  portions  thereof.  By  comparing  Figs.  35  and  37 
it  will  be  seen  that  the  direction  of  these  lines  is  easily  and  defi- 
nitely determined,  the  drop  or  slope  of  each  section  being  equal  to 
its  resistance  multiplied  by  the  current  flowing  in  it.  In  this  con- 
nection it  should  be  noted  that  the  current  in  each  group  of  lamps 
has  been  assumed  to  be  constant,  but  it  is  evident  that  the  group 
at  y,  receiving  only  105  volts,  will  take  less  current  than  those  at 
Gf  where  the  pressure  is  1 17.5  volts.  This  fact  might  be  allowed 
for  by  modifying  the  values  of  the  current  in  proportion  to  the 
voltage,  but  the  resistance  of  the  lamps  also  varies,  so  that  it  would 
be  very  difficult  to  calculate  the  current  that  each  group  would 
take.  In  practice  conductors  are  designed  to  supply  a  given  cur- 
rent at  a  certain  point,  and  slight  variations  in  current  due  to 
changes  in  resistance,  working  conditions,  etc.,  are  not  usually 
considered. 

This  may  appear  to  be  a  somewhat  rough  method,  but  is  not 
only  justifiable,  but  practically  unavoidable.  In  electric  railway 
work  for  example,  the  current  required  by  a  car  varies  greatly  with 
the  speed,  grade,  condition  of  track,  load  on  the  car,  etc.  Hence 
the  only  practicable  plan  is  to  assume  a  certain  average  current,  or 
a  certain  maximum  current  in  designing  the  generating  plant,  con- 
ductors, etc.  The  average  current  corresponds  to  the  ordinary 
working  conditions  and  the  maximum  current  to  the  greatest  pos- 
sible requirements.  The  same  is  true  for  electric  lighting  in  which 
variations  in  the  resistance  of  lamps  are  far  less  important  than 
the  changes  in  the  number  of  lamps  which  are  continually  being 
made. 

In  practice  the  electric  light  engineer  considers  the  initial  voltage 
at  the  generators,  the  drop  on  the  cotiductors,  which  gives  him  the 
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voltage  at  the  lamps  and  the  current  to  be  supplied  to  them.  He 
could  easily  calculate  the  resistance  of  the  lamps  by  dividing  the 
voltage  by  the  current  flowing  through  them,  but  as  a. matter  of 
fact  he  rarely,  if  ever,  does  this.  It  is  only  the  inexperienced  stu- 
dent who  attempts  to  apply  Ohm's  law  to  the  circuit  as  a  whole. 
The  practicing  engineer  confines  it  to  determining  the  drop  on  the 
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wires,  which  is  equal  to  their  resistance  multiplied  by  the  current 
carried  by  them.  The  same  is  true  in  power  transmission  and  dis- 
tribution, including  electric  railway  work.  In  fact  it  is  practically 
impossible  to  predetermine  the  resistance  of  the  whole  circuit  ex- 
cept in  very  simple  cases.  The  writer  has  never  before  seen  this 
fact  pointed  out,  although  it  distinguishes  the  professional  from 
the  amateur  without  fail. 

Seven-Wire  Systems.  This  is  the  next  higher  multiple-wire  sys- 
tem that  would  be  used,  since  it  can  readily  be  divided  into  two 
four-wire  systems,  or  three  three-wire  systems,  in  order  to  supply 
current  to  individual  buildings  where  it  is  not  necessary  to  carry 
all  seven  conductors.  Neither  the  four-wire  nor  the  six-wire  sys- 
tems are  capable  of  being  conveniently  divided  into  equal  parts  in 
this  way,  hence  they  are  not  to  be  recommended  for  adoption,  ex- 
cept perhaps  in  some  special  case.  The  seven-wire  system,  with 
all  conductors  of  the  same  size,  requires  0,0972,  or  a  little  less 
than  one-tenth  as  much  copper  as  an  equivalent  two-wire  circuit, 
but  its  complication  is  so  great  as  to  make  it  of  very  questionable 
desirability.  Its  design  and  operation  would  be  similar  to  that  of 
the  three-  and  five-wire  systems  already  described. 

Direct  Current  Converters. 
The  fact  that  electrical  energy  can  be  readily  transformed  from 
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higher  to  a  lower  voltage,  or  xnce  versa,  constitutes  one  of  its 
ost  important  advantages,  and  enables  it  to  be  conveniently  and 
onomically  transmitted  and  distributed.  The  most  prominent 
:ample  of  this  method  is  the  ordinary  alternating  current  system, 
which  a  high  pressure  of  a  thousand  volts,  or  more,  generated 
'  the  dynamos,  may  be  carried  by  small  wires  to  a  considerable 
stance,  and  there  transformed  to  a  low  voltage  that  is  harmless 
persons  and  adapted  to  supply  lamps,  etc. 

The  direct  current  can  also  be  transmitted  in  a  similar  manner, 
it  it  requires  rotary  converters  instead  of  the  simple  static  trans- 
rmcrs  which  are  used  for  the  alternating  current. 
Rotary  converters  consist  of  a  motor  and  a  dynamo  combined, 
e  former  being  driven  by  the  current  from  the  main  or  primary 
'■cuit,  and  the  latter  generating  the  current  for  the  secondary  cir- 
'it,  by  which  the  lamps,  etc.,  are  supplied.  It  is  obvious  that  the 
/namo  may  be  designed  to  produce  any  desired  voltage  without 
gard  to  thatof  the  primary  circuit  But  in  every  case  the  watts — 
'oduct  of  the  volts  and  amperes — are  less  in  the  secondary  circuit 
r  an  amount  corresponding  to  the  frictional  and  other  losses 
liich  necessarily  occur.  Thisdevice  has  been  given  many  names, 
ch  as  dynamotor,  motor-dynamo,  motor-transformer,  rotary- 
insformer,  motor- converter  and  rotary  converter.  The  first  of 
ese  has  the  advantage  of  being  a  single  word,  but  has  been  ob- 
:ted  to  because  the  order  in  which  the  two  machines  work  is 
verted,  hence  the  second  name  is  more  often  used,  although  less 
iphonious.  The  word  transformer  has  been  almost  universally 
lopted  for  the  induction  coil  or  static  transformer,  so  that  the 
rm  converter,  which  was  formerly  applied  to  this  device,  is  now 
:e  to  be  used  for  the  rotary  or  motor- converter.  There  is  cer- 
inly  no  advantage  in  having  two  names  used  indiscriminately  for 
'o  different  things  ;  whereas  it  would  be  convenient  and  avoid 
infusion  if  they  were  employed  respectively  in  the  manner  here 
iggested. 

In  many  instances  the  two  armature  windings  are  placed  on  the 
me  core  and  are  acted  upon  by  the  same  field  magnet.  This 
>nstruction  secures  compactness  and  also  causes  the  armature  re- 
;tion  of  the  dynamo  to  practically  neutralize  that  of  the  motor, 
ereby  avoiding  sparking  and  other  troubles.  But  it  is  open  to 
e  objection  that  it  is  somewhat  difficult  to  insulate  the  two  wind- 
gs  from  each  other,  and  absolutely  prevent  the  high  voltage  of 
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one  from  breaking  through  to  the  other.  Therefore,  this  ar 
ment  is  not  desirable  where  there  are  great  differences  in  po 
between  the  primary  and  secondary  circuits,  unless  special  p 
tions  are  taken.  Another  limitation  of  this  construction 
difHculty  of  acting  on  the  two  armature  windings  indepen 
for  purposes  of  regulation.  Since  both  are  wound  upon  the 
core  and  are  under  the  influence  of  the  same  field,  it  is 
possible  to  change  the  speed,  magnetic  flux  or  other  coni 
of  one  with  respect  to  the  other.  In  other  words,  the  ratio  < 
version,  that  is,  the  relation  between  the  primary  and  sect 
voltages,  is  practically  constant,  no  matter  how  much  the  sf 
flux  may  be  varied.  To  be  sure,  the  difference  of  potenti 
tween  the  secondary  brushes  may  be  decreased  by  introduci 
sistance  in  the  primary  circuit,  but  this  merely  has  the  effecl 
ducing  the  available  voltage  supplied  to  the  motor.  The  a 
of  this  reduction  is  the  drop— /^,  in  which  /  is  the  primar 
rent  and  R  the  resistance.  A  corresponding  decrease  in  vol 
produced  in  the  secondary  circuit,  but  the  ratio  of  conversi 
mains  substantially  unchanged.  Resistance  put  in  the  sec» 
circuit  will  have  a  similar  effect  in  decreasing  the  available 
tial,  but  in  either  case  the  loss  of  energy  is  considerable,  its 
in  watts  being  PR.  The  so-called  "regulation"  is  also  sei 
interfered  with  ;  that  is,  the  available  secondary  voltage 
greatly  with  changes  in  the  load,  because  any  alteration  in  t1 
rent  has  a  correspranding  effect  on  the  drop  IR.  Such  a  va 
in  pressure  would  usually  be  very  objectionable ;  in  electric 
ing,  for  example,  the  voltage  would  fall  as  more  lamps  were 
in  parallel. 

In  order  to  secure  independence  of  action  between  the 
and  the  dynamo  portions  of  a  rotary  converter,  the  two  an 
windings  should  be  carried  by  separate  cores,  each  being 
upon  by  its  own  field  magnet.  This  allows  the  field  of  the  d 
to  be  independently  regulated,  in  order  to  vary  the  voltage 
ated.  In  fact,  any  of  the  well-known  methods  of  dynamo  i 
tion  may  be  employed.  For  example,  compound  or  over-cow 
winding  will  give  a  constant  or  a  rising  pressure,  with  incr 
current  in  the  secondary  circuit.  In  these  cases,  the  s< 
armatures  may  be  mounted  upon  the  same  shaft,  with  on 
pair  of  bearings,  in  order  to  combine  the  two  parts  in  one  rai 
or  two  entirely  distinct  machines  may  be  connected  direct!) 
belting. 


2  THE  QUARTERLY. 

[t  is  evident  that  the  motor  of  a  rotary  converter  may  be  de- 
ned  to  operate  with  an  alternating  current,  and  the  dynamo  to 
nerate  a  direct  current,  or  vice  versa,  in  order  to  convert  altcr- 
ting  to  direct  currents,  or  the  converse. 

Another  type  of  a  rotary  converter  is  that  in  which  the  same 
nature  winding  performs  both  the  motor  and  dynamo  functions, 
simple  form  of  this  machine,  shown  in  Fig.  38,  consists  of  a  ring 


Fic,  38.— Direct-Altbbnatikg  Current  CoK' 


nature,  diametrically  opposite  points  of  the  winding  being  re- 
sctively  connected  to  two  collecting  rings.  When  the  armature 
supplied  with  direct  current  in  the  usual  way  by  the  brushes  + 
d  — ,  it  will  revolve  as  a  motor,  and  an  alternating  current  may 
obtained  from  the  brushes  A  and  B.  This  action  can  be  easily 
derstood  when  it  is  considered  that  the  outer  collecting  ring  is 
nnected  to  the  top  or  +  point  of  the  winding  and  the  inner  ring 
the  bottom  or  —  point  of  the  winding,  hence  the  current  tends  to 
w  from  the  brush  V?  to  the  brush  A  ;  but  when  the  armature  has 
ned  through  180  degrees,  or  half  a  revolution,  these  conditions 
II  be  exactly  reversed,  and  the  current  tends  to  flow  from  A  to 
Thus  it  is  seen  that  an  armature  having  only  a  single  winding 
ly  be  fed  with  a  direct  current,  and  will  give  out  an  alternating 
rrenL  The  ratio  between  the  primary  and  secondary  voltages  is 
ictically  fixed  in  this  form  of  converter,  since  the  maximum 
lue  of  the  alternating  £.  M.  F.  is  equal  to  the  voltage  of  the 
ect  current,  as  is  evident  from  the  diagram.  With  a  true  sine 
ve  the  effective  value  of  the  alternating  E.  M.  F.  is  0.707  of  the 
ect  E.  M.  F. 

The  current  capacity  of  one  of  these  machines  when  used  as  a 
nverter  is  usually  greater  than  its  ordinary  capacity  as  a  genera- 
■  since  the  current  flows  directly  from  the  primary  to  the  second- 
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ary  circuit  for  a  portion  of  the  time  without  passing  through  th< 
armature  coils. 

If  these  machines  are  used  to  convert  alternating  to  direct  cur 
rent,  they  are  run  as  synchronous  motors ;  hence  they  must  first  b 
brought  up  in  speed  by  some  extraneous  power  until  they  are  ii 
synchronism  with  the  alternating  current  by  which  they  are  to  b< 
operated.  These  machines  are  capable  of  exciting  their  own  fieli 
magnets. 

By  tapping  the  direct  current  winding  at  three  points  or  fou 
points,  machines  are  made  for  generating  or  utilizing  two  or  thre< 
phase  alternating  currents. 

Rotary  Converter  Systems  of  Distridution.  The  usual  arrangemen 
of  rotary  converters  in  electrical  distribution  is  that  represented  ij 
I^ig-  39>  being  analogous  to  the  ordinary  alternating  current  sys 


a 
Fio.  39.— DisTKiBUTioM  BY  Rotary  Comvbbters  in  Parallel. 

tern  with  static  transformers.  The  current  produced  by  the  mail 
generator  G  is  carried  to  the  converters  by  the  conductors,  A  am 
B,  to  which  the  motor  portions  M oi  the  rotary  converters  ar 
connected  in  parallel.  These  motors  are  provided  with  shun 
wound  field  coils,  consequently  they  run  at  a  practically  constan 
speed.  The  dynamo  portion  D  of  the  converters  are  connected  h 
the  secondary  circuits  which  supply  the  lamps,  etc.,  L,  as  indicatec 
The  field  magnets  of  these  dynamos  may  also  be  fed  by  the  mail 
circuit  AB,  or  they  may  be  self-excited  by  shunt  or  compouni 
winding.  This  system  has  several  disadvantages  compared  witl 
the  alternating  current  system.  Rotary  converters  are  more  com 
plicated,  cost  more,  require  more  attention  and  are  less  ef^cien 
than  static  transformers.  But  it  has  been  shown  that  they  may  b 
compound  or  over-compound  wound,  in  order  to  supply  a  uniforn 
voltage,  which  is  not  practicable  with  static  transformers.  Furth 
crmore,  it  is  generally  found  that  rotary  converters  are  easily  takei 
care  of  and  rarely  get  out  of  order.  In  many  cases  their  use  ma; 
be  desirable  or  necessary,  as,  for  example,  in  electrochemical  o 
electrometallurgical  work,  in  connection  with  storage  batteries,  o 
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for  many  purposes  where  it  is  required  to  convert  direct  currents 
to  a  higher  or  lower  pressure. 

Rotary  converters  may  a!so  be  arranged  as  illustrated  in  Fig,  40, 
the  motor  parts  of  j1/ being  all  connected  in  series  with  the  main 
generator  G,  and  the  dynamo  parts  D  of  the  converters  being  con- 
nected to  the  lamps,  etc.,  L.  If  the  current  is  kept  constant  (the 
generator  G  having  a  regulator  like  an  arc  lighting  dynamo),  and 
the  motors  Jf  are  simple  series  wound  machines,  they  will  exert  a 


Fig,  40.— Distribution  bv  Rotabv  Convebtebs  in  Servicr. 

certain  torque  or  turning  effort  which  will  be  constant.  It  follows, 
therefore,  if  the  dynamos  D  arc  also  series  wound,  that  each  will 
generate  a  certain  current  which  will  be  constant.  If  lamps  or 
other  devices  designed  for  that  particular  current  are  connected  in 
series  on  the  secondary  circuits,  the  dynamos  D  will  always  main- 
tain that  current,  no  matter  how  many  lamps  there  may  be.  When 
lamps  are  added  the  resistance  of  the  local  circuit  is  raised  and  the 
current  in  it  decreases,  so  that  the  dynamo  increases  its  speed  until 
it  generates  sufficient  E.  M.  F.  to  produce  practically  the  same 
current  as  before.  Hence  this  constitutes  a  system  which  is  self- 
regulating,  when  lamps,  etc.,  are  cut  in  or  out  of  the  secondary 
circuits.  No  harm  results  even  when  the  secondary  is  short- 
circuited,  since  only  the  normal  current  can  be  generated.  But  if 
the  secondary  circuit  is  opened,  then  the  machine  will  race  and 
probably  injure  itself  by  centrifugal  force,  because  the  torque  of 
the  motor  M  has  its  full  value,  and  there  is  no  load  upon  the 
dynamo  D.  To  guard  against  this  danger,  some  automatic  device 
should  be  provided  to  short-circuit  the  field  or  armature  of  the 
motor  when  its  speed  or  counter  E.  M.  F,  rises  above  a  certain 
point.  Another  way  to  operate  such  a  system  would  be  to  use 
motors  jWwith  governors  which  maintain  a  constant  speed  for  all 
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loads,  in  which  case  the  dynamos  D  should  be  shunt  or  compoum 
wound,  to  feed  lamps,  etc.,  in  parallel  at  constant  potential. 

This  practically  completes  the  important  principles  and  methodi 
that  are  employed  in  the  distribution  of  direct  currents.  Thosi 
used  for  alternating  currents  are  quite  similar,  the  principal  dif 
ferences  being  due  to  the  fact  that  self-induction  and  capacity  mus 
be  considered  in  addition  to  simple  ohmic  resistance. 


AN  INTRODUCTION    TO  THE  STUDY  AND  EXPERI 
MENTAL  DETERMINATION  OF  THE  CHAR- 
ACTERS OF  CRYSTALS. 

Bv  ALFRED  J.  MOSES,  Ph.D. 

(Continued  from  page  aS8. ) 

CHAPTER  IV. 

THE  THIRTY-TWO  CLASSES  OF  CRYSTALS. 

In  this  classification,  following  Professor  Groth,  the  conceptioi 

of  hemihedral  and  tetartohedral  forms  is  abandoned  because  thi 

geometrically  connected  whole  and  partial  forms  kave  no  strttctura 

£onnection  and  are  incapable  of  occurrence  upon  crystals  of  the  sam, 

substance. 

Each  occurring  form  is,  therefore,  considered  to  be  complete  anc 
independent,  and  with  a  grade  of  symmetry  which  is  not  in  everj 
case  determinable  from  a  consideration  of  the  grouping  of  the  faces 
but  involves  the  far  wider  conception  that  two  directions  are  no 
structurally  equivalent  unless  they  are  equivalent  with  respect  to  al 
properties,  and  that  two  forms  geometrically  identical  are  not  struc 
turally  so  if  in  corresponding  directions  there  is  revealed  an  essen 
tial  dilTerence  in  behavior  with  polarized  light  or  etching  or  pyro 
electricity  or  any  other  test,  the  results  of  which  depend  upon  tht 
manner  the  crystal  molecules  are  built  together. 

With  this  conception  the  same  geometric  form  may  occur  or 
crystals  structurally  different,  and  is  to  be  regarded  as  in  each  cas< 
a  limit  form  of  geometrically  distinct  general  forms.  If  a  class  bt 
made  of  each  conceivable  variation  of  general  form  and  its  geo 
metric  limit  forms,  two  great  essentials  will  be  fulfilled: 
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1.  All  known  and  some  unknown  forms  will  be  classed. 

2.  Each  class  will  consist  of  forms  capable  of  occurring  upon 
crystals  of  the  same  substance,  and  will  contain  all  the  forms  which 
can  occur  on  these  crystals. 

There  have  been  distinguished  thirty-two  grades  or  classes  of 
symmetry  which  may  be  united  into  six  systems  by  grouping  to- 
gether classes  in  which  the  selected  axes  of  reference  are  geo- 
metrically similar. 

In  the  stereographic  projection  of  the  general  form  given  under 
each  class  all  full  lines,  whether  diameters,  circles  or  arcs  of  cir- 
cles represent  planes  of  symmetry  and  the  small  black  ellipses, 
triangles,  squares  and  hexagons  represent  the  axes  of  binary, 
ternary  quaternary  and  senary  symmetry. 

TRICLINIC  SYSTEM. 

This  system  must  include  all  crystallographic  forms  which  can 
only  be  referred  to  three  non-equivalent  axes.  Fig.  39,  at  oblique 
angles,  a,  /9,  and  y^  to  each  other. 

The  selection  of  axes  is  arbitrary,  two  edges  are  chosen  as  direc- 
tions of  the  basal  axes,  a  and  b.  Two  planes  from  the  zones  of 
these  edges  are  chosen  as  {ioo{  and  {010}  and  their  intersections 
are  the  vertical  axes  c. 
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Fig  39. 

I.  Unsymmetrical  Class. 

Without  either  planes  or  axes  of  symmetry.  The  projection, 
Fig.  40,  shows  that  the  symmetry  of  the  class  is  satisfied  with  one 
face  for  the  most  general  form.  Example. — Calcium  thiosulphate, 
CaS203.6HaO. 

2.  Class  of  Pinacoids. 

With  composite  symmetry  to  a  binary  axis  and  a  plane  normal 
thereto. 
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As  shown  in  projection,  Fig.  41,  any  upper  face  indicated  by  X 
would  by  simultaneous  rotation  around  the  axis  and  reflection  in 
the  plane  coincide  with  the  diametrically  opposite  lower  face,  that 
is,  the  symmetry  of  the  class  is  satisfied  by  two  faces  for  the  most 
general  form  or  Pinacoid  (Tetarto  Pyramid),  Fig.  42.  Examples. — 
Albite,  cyanite  and  chalcanthite. 
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The  Six  Limit  Forms. 

In  each  class  there  are  six  limit  forms  corresponding  to  six 
special  positions  of  the  faces  of  the  general  form.  In  Class  2 
these  will  be  pairs  of  parallel  planes,  and  in  Class  i  single  planes 
only. 
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Position  of  any  Face, 

1.  Parallel  to  a  and  b, 

2.  Parallel  to  a  and  r. 

3.  Parallel  to  b  and  c, 

4.  Parallel  to  a. 

5.  Parallel  to  ^. 

6.  Parallel  to  c. 


Symbol.  Class  i, 

{001}  Plane  of  Fig.  43. 

1 010 1  PLANBof  Fig.  44. 

{looj  Plane  of  Fig.  45. 

\okl\  Plane  of  Fig.  46. 

\hol\  Plane  of  Fig.  47. 

\hko\  Plane  of  Fig.  48. 


Class  2, 
Pinacoid  Fig.  43. 
Pinacoid  Fig.  44. 
Pinacoid  Fig.  45. 
Pinacoid  Fig.  46. 
Pinacoid  Fig.  47. 
Pinacoid  Fig.  48. 
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Fig.  43. 


Fig.  44, 


Fig.  45. 


388 


7 HE  QUARTERLY. 


Fig.  46. 


Fig.  47. 


Fig.  48. 


Projection  and  Calculation  of  Tricunic  Forms. 

Thk  projection  is  conveniently  made  upon  a  plane  normal  to 
the  vertical  axis  r.  All  planes  in  the  zone  of  c  as  (100),  (010); 
(no),  being  projected  in  the  primitive  circle  at  the  measured 
angles  apart. 

The  pole  of  any  face  P  will  lie  at  the  intersection  of  two 
circles  found  as  follows :  *  Their  centers  are  on  prolongations 
of  diameters  through  -4(ioo)  and  -ff(oio)  and   distant  from  the 

f  T  ' 

center  0  of  the  primitive  circle  respectively  OAr=  — -,  OL^s  -— ' 

and   their  radii   are   respectively  Kp^^rtdLtiPA,  Lfi  =  r  tain  PB. 

Most  of  the  poles  are  found  by  zones  and  problem  3,  p.  286. 

The  calculations  are  principally  solutions  of  spherical  tri- 
angles f  and   of  equations  which  connect  measured  angles  with 

*Groth,  Physikalische  Krystallographie,  p.  580,  HI.  cd, 

f  For  right-angled  spherical  triangles 

C—  90°        a^b^  c^^  sides  opposite  angles  A^  B,  C. 

sin  a       cos  B  tan  b 

cos  A  —  Tzzr^  —cos  a  sm  B^ 


sin  A  "■  -: — 


tani4  — 


sin  c 

tana 
tan^ 


cos  ^  *  tanr 

cos  c  —  cos  a  cos  ^  ^  cot  ^  cot  ^ 


In  oblique  angled  spherical  triangles 

At  Bf  C  denote  angles  ,    a,  b,  c,  opposite  sides,     — i '"     — ^    and   ^"'"  "^^—  s 

2  '  2 

sin  A       sin  B      sin  C 

sin  a        sin  b        sin  c 

cos^—    — cos  ^cos  C-j-sin^sin  Ccos  tf 
cos  a  «.        cos  b  cos  c  -]-sinb  sin  c  cos  A 

a 


sin 


cos 


»  J  sin(j. 


-^)  sin  (J — c) 


sin  b  sin  c 


-V 


j^_    /sin  jsin  (^ — a) 


sin  ^  sin  c 


cos 


__     /  — cos  S  cos  ( 6' — A ) 
2        ^         sin  ^  sin  C 

f  ^  J  cos  (  6— ^)  cos  ( :>•— C) 


sin  B  sin  C 
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indices  and  elements.    Wtierever  possible  the  zonal  equations,  pp. 
280-283,  Are  used  to  simplify  the  calculations. 
Determination  of  Elements. 

The  general  determination  of  pp.  277-279  requiring  the  meas- 
urement of  five  angles  between  four  planes,  no  three  of  which  lie 
in  the  same  zone,  is  followed  as  in  the  example  there  given. 
General  Equation  between  Axes  and  Indices. 

Let  any  plane  the  indices  of  which  are  hkl  meet  the  axes  in 
HKL,  let  the  axes  meet  the  surface  of  a  sphere  described  around 
O,  in  XYZ  and  let  the  normal  Op  to  HKL  meet  the  sphere  in  P. 
Fig-  49- 

From  a  section  through  OHp  it  is  evident  that  Op=OH 
cos/'A'.and.similarly,  0/— OA'cos/'Kand  Op—OLzo^PZ.  Equa- 
ting, O^cos  PX^OK  cos  PY^OL  cos  PZ. 

From  page  277,  we  have 

b 


OH^ 


0K~ 


0L~ 


Substituting, 


^co-.PX="-  cos PY= 


F1C.49. 


Fig.  50. 


To  Determine  Position  of  any  Pole  P. 

Let  Fig.  so  show  the  poles  in  projection.    From  the  following 
equations  the  position  of  P  will  result  if  the  indices  and  elements 
vou  XVI  n.— 17. 
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are  known,  or,  conversely,  the  indices  will  result*  if  the  position  is 
known  in  one  zonal  circle. 


sin -^i?  sin  CH 
sin  CA  sin  BH' 

sin  BCsin  AK 
s\nABs\nCK 

sin  CA  sin  BL 


sin  CAP     ck 
sin  BAP^dl 

sin  ABP    al 


sin  CBP    ch 
sin  BCP    bh 


sin  BC s\n  AL    sin  ACP    ak 

If  any  five  of  the  arcs  in  the  following  are  known,  the   sixth 

results 

sin  BH s\n  CKsxn  AL^sxn  CHsin  AK s\n  BL. 

If  the  Elements  are  Unknown  the  indices  of  a  face  lying  in  a 
known  zone  may  be  determined  by  measuring  the  angle  to  one 
face  in  that  zone,  and  as  three  faces  must  already  be  known,  sub- 
stituting in  the  formula  to  find  fourth  face  in  a  zone,  p.  281. 
Conversely,  if  the  indices  of  such  a  plane  are  known,  its  position 
may  be  calculated. 

To  Find  f  the  Arc  Joining  any  two  Poles  P  and  P'. 

Calculate  by  preceding  equations  the  distances  of  P  and 
P'  from  one  of  the  poles  A,  B  or  C,  and  the  angles  that  these 
distances  make  with  one  of  the  adjacent  sides  of  ABC^  therefore, 
the  angle  that  they  make  with  each  other.  From  two  sides  and 
included  angle  calculate  the  third  side  PP. 

MONOCLINIC  SYSTEM. 

All  forms  in  this  system  must  be  referable  to  three  non-equiva- 
lent axes.  Fig.  51,  two  oblique  to  each  other,  the  third,  normal  to 
their  plane. 

Conventionally  the  normal 
or  ortho  axis  b  from  right  to 
left,  either  of  the  other  axes  is 
made  the  vertical,  c,  and  the 
third  the  clino,  a,  dips  down- 
ward from  back  to  front.  The 
acute  angle  between  the  ver- 
tical and  clino  axes  is  /9.  Fig.  51. 


*  Story-Maskelyne's  Crystallography^  p.  430. 
f  Miller's  Crystallography^  p.  98. 
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The  system  comprises  three  classes,  in  which  are  possible  man; 
series  each  including  all  the  forms  which  can  be  rererred  to  th 
same  value  for  p  and  to  the  same  parameters  a,  b,  c. 

3.  Class  of  the  Monocunic  Sphenoid. 
With  one  axis  of  binary  symmetry.  As  shown  in  the  projectioi 
upon  (010)  Fig.  52,  the  pole  of  any  face  by  rotation  180°  aroum 
the  binary  axis  must  reach  the  pole  of  an  equivalent  face.  Th 
two  faces  satisfy  the  symmetry  for  the  most  general  form  or  Sphe 
NOiD,  Fig.  53.     Examples. — Tartaric  acid,  milk  sugar. 


Fio,  5  a. 


Fic.  S3. 


4,  Class  of  the  Monoclinic  Dome. 
With  one  plane  of  symmetry.  As  shown  in  the  projection  of  tb 
general  form.  Fig.  54  any  face  reflected  in  the  plane  of  symmetr 
coincides  with  an  equivalent  opposite  face.  The  two  faces  satisf; 
the  symmetry  of  the  class  for  the  most  general  form  or  Dome,  Fig 
55.    Example. — Potassic  tetrathionate  Y^f>^. 


Fic  54. 


Fig.  55. 


S.  Prismatic  Class, 

With  one  plane  0/  symmetry,  Fig.  56,  at  right  angles  to  an  axi; 

of  binary  symmetry.     As  shown  in  projection,  Fig.  57,  any  faci 
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the  pole  of  which  is  marked  X  by  rotation  of  i8o°  around  the  bi- 
nary axis  coincides  with  an  equivalent  face  in  the  alternate  octant^ 
these  reflected  in  the  plane  of  symmetry  coincide  with  faces  the 
poles  which  are  marked  by  a  circle. 


Fig.  56. 


Fig.  57. 


Fig.  58. 


That  is  four  planes  satisfy  the  symmetry  for  the  most  general 
form  or  Prism,  Fig.  58.  Examples. — Pyroxene,  orthoclase,  gyp- 
sum. 

The  Six  Limit  Forms. 

In  each  class  there  are  six  limit  forms  corresponding  to  special 
positions  of  the  faces  of  the  general  form.  These  may  be  tabu- 
lated as  follows : 


ositlon  of  Any  Face  and  its  Pole. 


Symbol. 


Name  of  Form. 


I.  Parallel  to  a  and  b,,  ,   .   , 
Poles    projected*    on     the 
primitive  circle 

3.  Parallel  to  a  and  c  .   ,    ,   , 
Poles  projected  at  centre  .  . 

.  Parallel  to  d  and  c  .   .   ,   , 
Poles    at    intersections     of 
primitive  circle  and  hori- 
zontal diameter  ..... 

4.  Parallel  to  a  Poles  are  on 

diameter  fix>m  (001) .  .   . 

5.  Parallel  to  d  Poles  are  on 

primitive  circle. 

6.  Parallel   to  c  Poles  are  on 

Horizontal  diameter  .   .   . 


{001} 


Joio} 
{100} 


\oAi] 


{M\ 


\Uo\ 


PiNACOID,  Fig.  59. 

(Basal  Pinacoid.) 
^ASAL  Plane. 
One  iJEice  of  Fig.  59. 

Pinacoid,  Fig.  60. 

(Clino  Pinacoid. ) 

rLANE,  One  face  of  Fig.  60. 

Pinacoid,  Fig.  61. 
(Ortho  Pinacoid.) 
Plane,  One  face  of  Fig.  61. 
Prism,  Fig.  62. 

(Clino  Dome.) 
Dome,  Fig.  65. 
Sphenoid,  Fig.  67. 

Pinacoid,  Fig.  63. 
(Hemi  Ortho  Dome.) 
Plane,  One  face  of  Fig.  63. 

Prism,  Fig.  64. 
(Monoclinic  Prism.) 
Dome,  Fig.  66. 
Sphenoid,  Fig.  68. 


Classes  to  which 
Form  Belongs. 


3.  — .    5 
— »    4,  — 

—f    4.    5 

3.  —f  — 
3.  — »    5 

— ,    4.  — 

— .  — ,    5 

— ,     4,  — 

3.  — .  — 

3»  — »    5 

— ,    4.  — 
— »  -,     5 

— ,    4,  — 
3.  — »  — 


*  Plane  of  projection  the  pinacoid  (010). 
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Fio.  6a.  Fic.  63. 

Limit  Forms  of  Class  5. 


Fig.  65.  Fig.  66.  Fig.  67.     ~\        Fig.  68. 

Other  Limit  Forms  which  are  New  Shapes. 

Projection  and  Calculation  of  Monoclinic  Forms. 

The  plane  of  projection  may  be  the  pinacoid  (Oio),  which  ij 

a  plane  of  symmetry  in  classes  4  and  5,  when  the  poles  of  all 
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planes  in  the  zone  of  b  will  lie  in  the  primitive  circle  as  given  in 
preceding  table.  Or  the  projection  may  be  made,  as  in  the  tri- 
clinic  system,  upon  a  plane  normal  to  the  vertical  axis,  in  which 
case  the  poles  of  planes  in  the  zone  of  b  will  be  projected  on  the 
vertical  diameter  as  described  in  example,  p.  287. 

The  poles  will  be  found  as  in  the  triclinic  system. 

When  a  plane  of  symmetry  appears  as  a  diameter  in  the  pro- 
jection, all  poles  and  indices  will  be  symmetrical  to  this  diameter. 

Determination  of  Elements. 

In  Fig.  29,  p.  278,  B  and  Y  will  coincide  and  BC,  AB  and  / 
become  90°.    Then  AC=p.     In   the   spherical  triangle  rsf, 

cos  s           ^          cos  r    OL        cos  ts 
cos  /r  = :  cos  (s  = .  = =  cot  ts 


sinr 


OL       sin(i8o°— ^C— /y) 


and^^  = 


sin  tr 


sin  J  '  OK       sin /J 


If  P   is  the    parametral    plane. 


OH\OK\OL  ^a\b\c,  if  not,«  =  OHJt,b^OK.k,c^OLl  That 
is  three  angles  suffice  for  the  determination  of  the  elements. 

To  Determine  the  Position  of  any  Pole  P. 
Using  notation  of  Fig.  69, 


b 

J  cot  PB 


a  c 

7  sin  CK  =  7  sin  AK: 
h  I 


sin  CK       ch    h  ^  sin  AD     smCK 
""~^rT      smCD'   sin^AT' 


sin  AK 

k      sin  AD 
1^  sin  AK 


tSLtiOB 

Xja^nPB  '  ^o^AK— cot  AC 


-J  (  cot  AD— cot  AC) ;  cos  PA  ==  sin  PB 

cos  AK\  cos  /f  =  sin  PB  cos  CK 

I  sin  AD 
^^'^P^^-k^t^AK^^'^OB.       • 


Aioo 


Fig.  69. 


Because  B  is  pole  of  zone  circle  AA',  CK^  PBC^  AK==  PBA 
and  CAr=  180° — (PBA+CA'),  that  is  the  sines  and  cosines  of 
these  angles  may  be  substituted  for  those  of  the  arcs  in  any  of  the 
formulae  above. 
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To  Find  the  Arc  Joining  two  Poles,  /"and/". 
Proceed  as  in  triclinic,  p.  390, 

ORTHORHOMBIC  SYSTEM. 
All  forms  in  this  system  must 
be  referable  to  three  nonequiva- 
lent  axes,  Fig.  70,  at  right  angles 
to  each  other.  The  three  axes 
are  physically  of  equal  impor- 
tance, any  one  may  be  chosen  as  , 

c,  the  vertical ;  the  longer  of  the  j^ .  ■ 

other  two  will  be  the  macro  or  b 
axis ;  the  shorter  axis  (from  front 
to  back)  the  brachy  or  a  axis. 
There  are  as  many  series  of  forms 
possible    as  there  are   irrational 

values  for  -7  and   ■-■  ^°-  1°- 


6.  CiASS  OF  THE  Rhombic  Bisfhenoid. 
With  three  axes  of  binary  symmetry  at  right  angles 
other.     As  shown  in  the  projection.  Fig.  71,  four  faces  s 
symmetry  of  the  most  general  form  or  Rhombic  Bl5FHE^ 
72.     Example. — Epsomite. 


/ 


Fig.  71. 


Fig.  7  a, 


7.  Class  of  the  Rhombic  Pyramid. 
With  two  planes  of  symmetry  perpendicular  to  each  1 
intersecting  in  an  axis  of  binary  symmetry.  As  shown  i 
jection,  Fig.  73,  four  faces  satisfy  the  symmetry  of  the  r 
eral  form  or  Rhombic  Pyramid,  Fig.  74.  Examples. — ' 
stnivite. 

■  Story-Mukelyne's  CTytlallegraphy,  p.  436  and  Grolh's  Phys.  Krytt. 
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\ 


Fig.  73. 


\ 


■lb 


y 


Fig.  74. 


8.  Class  of  the  Rhombic  Bipyramid. 

With  three  planes  of  symmetry  at  right  angles  to  each  other 
which  intersect  in  three  axes  of  binary  symmetry.  These  are 
shown  in  Fig.  75,  and  the  planes  divide  space  into  eight  octants, 
shown  in  projection,  Fig.  76,  as  four  trirectangular  spherical  tri- 
angles. 

Any  upper  face  corresponding  to  a  pole  x  in  the  projection 
would,  by  rotation  of  180°  around  the  vertical  binary  axis,  coincide 
with  an  upper  face  in  the  alternate  octant,  these  reflected  in  the 
vertical  symmetry  planes  coincide  with  two  other  upper  faces  and 
the  four  reflected  in  the  horizontal  plane  coincide  with  four  lower 
planes  the  poles  of  which  are  marked  by  circles.  Since  A,  k  and  / 
retain  a  constant  order,  there  can  be  sign  permutations  only  cor- 
responding to  one  plane  in  each  octant. 

The  symmetry  of  the  class  is  therefore  satisfied  by  eight  faces 
for  the  most  general  form  or  Rhombic  Bipyramid,  Fig.  yj,*  Ex- 
amples.— Aragonite,  marcasite,  barite. 


Fig.  75. 


Fig.  76. 


Fig.  77. 


*There  may  be  many  different  pyramids  m  a  series  with  rational  indices  hkl  which 
may  be  all  equal,  any  two  equal  or  all  unequal. 
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The  Six  Limit  Forms. 
In  each  class  there  are  six  limit  forms  corresponding  to  special 
positions  of  the  faces  of  the  general  form.     These  may  be  tabu- 
lated as  follows : 


Position  of  Any  Face  and  its  Pole. 


1.  Parallel  to  a  and  b 

Poles  are  projected  at  cen- 
ter.   

2.  Parallel  to  a  and  r.  .    .    .    . 

Poles  are  at  intersections 
of  b  axis  and  primitive 
circle 

3.  Parallel  to  b  and  r  .    .    .    . 

Poles  are  at  intersections  of 
a  axis  and  primitive  cir- 
cle    

4.  Parallel  to  a,    Poles  are  on 

the  b  axis 


5.  Parallel  to  b,    Poles  are  on 
the  a  axis 


6.  Parallel  to  c,     Poles  are  on 
the  primitive  circle  .   .    . 


Symbol* 


001 


joio} 


{ 


100: 


{okl\ 


\hol] 


[hko] 


Name  of  Form. 


Basal  Pinacoid,  Fig.  78. 
Basal  Plane. 
one  face  of  Fig  78. 

PiNACOiD,  Fig.  79. 
(  Brachy  Pinacoid). 


PiNACOID,  Fig.  80. 
(Macro  Pinacoid). 


Prism,  Fig.  81. 
(Brachy  Dome). 
Dome,  Fig.  84. 

Prism,  Fig.  82. 
(Macro  Dome). 
Dome,  Fig.  85. 

Prism,  Fig.  83. 
(Rhombic  Prism). 


Classes  to  which 
Form  Belongs. 


6.    -, 

— ,    7, 


6.   ^. 

7» 


7» 
7. 


8. 


6,      7,     8. 


6,     7.     8- 


-.     8. 


— .      8. 


8. 


'••  •---. . 


Fig.  78. 


Fig.  81. 


Fig.  79. 


Fig    82. 

Limit  Forms  of  Class  8. 


Fig.  80. 


I 


I 


Fig.  83 


*  To  obtain  type  symbols.      The  order  is  invariably  hkl  with  reference  to  <i,  b,  c 
Any  may  become  zero. 
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• 
I 
I 
• 
1 
I 
• 


.-ST.- 


Fig.  84.  Fig.  85. 

Other  Limit  Forms  which  are  New  Shapes. 

Projection  and  Calculation  of  Orthorhombic  Forms. 

The  pinacoid  (ooi)  is  usually  selected  as  the  plane  of  projection. 
The  poles  are  as  in  the  table  and  their  exact  positions  usually  re- 
sult from  the  intersections  of  known  zones  or  by  Problem  3,  p.  286. 
It  is  sometimes  convenient  to  calculate  the  position  of  a  plane 
(Aio)  corresponding  to  the  plane  {hkl)^  lay  off  this  on  the  primitive 
circle  thus  determining  the  zone  \Jtko  001]. 

Calculation  of  Elements. 

The  interaxial  angles  are  all  right  angles. 
In  the  spherical  triangle  rst^  /=  90°,  r^  hkl :  010,  j  =  hkl\  100 
Substituting  in  formulae  p.  394. 


cos  s 

cos  /raas ;  cos  tS 


cos  r      OL  ^  ^     OL 


sin  r  sin  ^ 

a  =  OH.h,  b  =  OK.k,  c  =  OL. L 
Also,      d:  =  tan  ^  (100 :  iTo)  and  ^  «  tan  ^  (01 1  :  oTi) 

=  a  tan  >^(ioi  :Toi). 

1^ 


KAoT 


LAio 


A 100 


Fig.  86. 


Fig.  87. 


CHARACTERS  OF  CRYSTALS. 
General  Equation  Between  Axes  and  Indices. 


To  Determine  *  anv  Pole  P. 


~"  "       ka  ' 

la 

"       "  •/c'lf^b 

CO 

ka 

Pi 

i^"    * 

•'        b  ■ya'I'+i 

^PC.'l. 

atPCA. 

lb 

PC 

~B      "*           ' 

'  v'W+< 

OaPCA- 

'^,.^nPBC- 

}ic 

tan  PAB  -  ^ 

Far  Uiti!  Flam  0 

«:^:f=cosC5 

cos  OC: 

cosOC 

CO 

OA:  cos  OA  CO 

To  Find  the  Arc  Joining  anv  Two  Poles  P  and  P' 

Let  5'  denote  ff/ft*  +  /?c^c?  +  l^^&,  S'  a  similar  quant 
indices  h'^P  of  second  pole. 

cos  PP'  = -=-. 

s^SS' 

UP'  =.  A,  B.  C,  H.KoxL  of  Fig.  87 

hbc 


cos  PC  =  sin  PL  =  —- 

UP'  is  a  face  of  the  same  formf 

k  -       a     I 

tzn  PCA~^a;  tan  J(Ai/) :  (Ai/)=  ~  ■  ^  cos/C 

sin  }  {/til)  :  (A*/)  =  cos  J  {Ml)  :  (Ai/)  •  cos  /T-^ 

sin  i  (Ai/)  :  (A*/)  =  cos  J  (A*/)  :  (MT^)  sin  PCA. 

Tangent  relation  between  A>&/i-/',  andA'jF/=/"  whi 

a  zone  with  A,  B  or  C. 
h'    tan P'A     l^ ^l' .  k' ^ajvP'B     I'     k'  _  I'    tan P'C 
K^'  ^axiPA"  k  "  I  '  k   tm  PB  ~  l~  A  '  I  '  ta.n  PC' 
*  Miller'*  CrytlaUvgraphy,  p.  79,  and  Story-Mukelyue's  Cryilallograf 
fGrolh,  ^yt.  Krytt.,  p.  574. 
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TETRAGONAL  SYSTEM. 


Fig.  88. 


All  forms  of  this  system  must 
be  referable  to  two  equivalent 
axes,  a^  at  90°  to  each  other. 
Fig.  88,  and  the  axis  c^  conven- 
tionally vertical,  at  90°  to  both. 

The  forms  possible  on  crystals 
of  the  same  substance  can  all  be 


referred  to  one  value  of  - 

a 


9.  Class  of  the  Third  Order  Bisphekoid. 

With  composite  symmetry  to  a  quaternary  axis  and  a  plane  at 
right  angles  thereto.  As  shown  in  the  projection,  Fig.  89,  four 
faces  satisfy  the  symmetry  for  the  most  general  form  or  Tetra- 
gonal BisPHENOiD  OF  Third  Order,  Fig.  90.  No  examples  are 
known. 


I—. 
\ 


I. 


\ 


\ 


H« 


a 
Fjg.  89. 


Fig.  90. 


10.  Class  of  the  Tetragonal  Pyramid  of  Third  Order. 

With  one  axis  of  quaternary  symmetry.  As  shown  in  the  stere- 
ographic  projection.  Fig.  91,  four  faces  satisfy  the  symmetry  for 
the  most  general  form  or  Tetragonal  Pyramid  of  Third  Order* 
Fig.  92.    Example. — Wulfenite. 

/       "I  \ 


/ 


/ 

^ 


-J  a. 


\ 


- — X-.^- 

a 
Fig.  91. 


/ 


Fig.  92. 


^'►•r'vr 
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II.  ScALENOHEDRAL  Class. 

With  two  planes  of  symmetry  at  right  angles  to  each  other  and 
intersecting  in  an  axis  of  quaternary  symmetry.  Also  two  axes 
of  binary  symmetry  midway  between  the  planes.  As  shown  in 
the  projection,  Fig.  93,  eight  faces  satisfy  the  symmetry  for  the 
most  general  form  or  Scalenohedron,  Fig.  94.  Example. — Chal- 
copyrite. 


«    :  O 


a. 

Fig.  93. 


Fig.  94. 


12.  Trapezohedral  Class. 

Without  planes  of  symmetry,  but  with  the  five  axes  of  Class  15. 
As  shown  in  the  projection.  Fig.  95,  eight  faces  satisfy  the  sym- 
metry for  the  most  general  form  or  Trapezohedron,  Fig.j96. 
Example. — Nickel  sulphate,  NiS04.6H20. 


-^i 


Fig.  96. 


13.  Class  of  the  Tetragonal  Bipyramid  of  Third  Order. 

With  one  horizontal  plane  of  symmetry  and  one  vertical  axis  of 
quaternary  symmetry.  As  shown  in  the  projection,  Fig.  97,  eight 
faces  satisfy  the  symmetry  for  the  most  general  form  or  Tetra- 
gonal Bipyramid  of  Third  Order,  Fig.  98.   Example. — Scheelite. 
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Fig.  98. 


14,  Class  of  the  Ditetragonal  Pyramid. 

With  f6ur  vertical  planes  of  symmetry  intersecting  in  an  axis  of 
quaternary  symmetry.  As  shown  in  the  projection,  Fig.  99,  the 
essential  change  from  Class  15  is  the  omission  of  the  plane  of  sym- 
metry normal  to  the  quaternary  axis.  The  general  form  is  there- 
fore geometrically  like  the  upper  or  lower  half  of  Fig.  103.  Fig. 
100  shows  the  six- faced  most  general  form  or  Ditetragonal 
Pyramid.     Example. — Silver  fluoride,  AgF.HjO. 


-•••■"••••-I 


Fig.  100. 


15.  Class  of  the  Ditetragonal  Bipyramid. 

With  four  planes  of  symmetry  at  45°  to  each  other,  which  inter- 
sect in  an  axis  of  quaternary  symmetry,  and  one  plane  normal  to 
these  which  intersects  the  four  planes  in  axes  of  binary  symmetry. 

The  planes  divide  space  into  sixteen  sections,  Fig.  loi  shown 
in  the  projection,  Fig.  102,  as  eight  birectangular  spherical  tri- 
angles with  angles  at  the  center  of  45°.  Any  upper  face  corre- 
sponding to  a  pole  X,  by  rotations  of  90°  coincides  successively 
with  three  other  upper  faces.  These  four  reflected  in  a  vertical 
plane  coincide  with  four  others  and  the  eight  reflected  in  a  hori- 
zontal plane  coincide  with  eight  lower  faces  marked  with  a  circle. 


y^^i 
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Fig.  10 1. 


Fig.  102. 


Fig.  103. 


Since  /  remains  with  the  third  axis,  the  letter  permutations  are 
only  hklznd  khL  Each  of  these  is  subject  to  eight  permutations  in 
sign +  +  +  .+-  +  , +  ,-  +  +  ,+  +  -,+ , ,-  +  -. 

Both  symmetry  and  permutations  show  that  there  must  be  in 
this  class  sixteen  faces  in  the  most  general  form  or  Ditetragonal 
BiPYRAMiD  Fig.  103.    Examples. — Zircon,  cassiterite,  rutile. 

Limit  Forms  of  Class  15. 


►  •  ^^^f\mnm. 


\ 


Fig.  104. 


Fig.  105. 


Fig.  106. 


I 


Fig.  107. 


;^- 


Fig.  108. 


Fig.  109. 
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The  Six  Limit  Forms. 

In  each  class  there  are  six  limit  forms  corresponding  to  special 
positions  of  the  faces  of  the  general  form.  These  may  be  tabulated 
as  follows: 


Po»itioaof  any  Face  and  its 
Pole. 


1.  iDtenects  the  vertical 
axis  and  is  parallel  to 
both  basal  axes.  Poles 
are  projected  at  the 
oeoter. 

2.  Intenects  the  vertical 
axis  and  is  parallel  to 
one  basal  axis.  Poles 
are  on  axial  diameters. 


SjmboU 


|oo.{ 


Name  of  Form. 


Classes  to  which  the  Form 
belongs. 


\kol\ 


3.  Intersects  the  vertical 
axis  and  is  equally  in- 
clined to  both  basal 
axes.  Poles  are  on  di- 
agonal diameters. 


4.  Parallel  to  the  vertical 
axis  and  to  one  basal 
axis.  Poles  are  at  inter- 
sections of  primitive  cir- 
cle and  axial  diameters. 

5.  Parallel  to  the  vertical 
axis  and  equally  inclined 
to  the  basal  axes.  Poles 
are  at  intersections  of 
primitive  circle  and  di- 
agonal diameters. 

6.  Parallel  to  the  vertical 
axis  and  unequally  in- 
clined to  the  basal  axes. 
Poles  are  on  the  primi- 
tive circle. 


\kki\ 


{100} 


no: 


Basal  Pinacoio,  Fig.    15, — ^,  13*  12,  11,  — ,9. 
104. 

Basal  Plans,  one  lace    — » 14,  — ^  — ,  — ,  10,  — . 
of  Fig.  104. 

TrrRAGONAL  BiPYRA-  1 5* — ,13,12,11, — , — . 

MID,  SiooND  Order, 

Fig.  105. 

Tetragonal  Pyramid,  — ^i  i4f  — » — » — »  'Ot  — • 

Second  Order,  Fig. 

"3- 
Tetragonal   Bisphe-    — » — » — t  — f  — t  — %  9- 

NOiD,    Second   Or- 
der, Fig.  III. 

Tetragonal    Bipyra-    15,  — ,  13,  12,  — ,  — ,  — . 

MID,    First  Order, 

Fig.  106.  i 

Tetragonal  Pyramid,  ^  — ,  i4t— i — t  — »  lOf  — • 

First   Order,    Fig.  | 

114. 


Tetragonal  Bisphe- 
noid,  First  Order, 
Fig.  no. 

Tetragonal     Prism, 
Second  Order,  Fig. 
107. 


Tetragonal  Prism, 
FiRST  Order,  Fig. 
108. 


\hko\    DiTETRAGONAL  PRISM, 

^        ^      Fig.  109. 

Tetragonal  Prism, 
Third  Order,  Fig. 
112. 


—•—.—»—.  "»— ,9. 


I5»»4. 13. 12,11,  10,9. 


I5>i4»i3ti^  ".  >o»9. 


— .— »I3.— »— .  'o»9- 


*  The  first  and  second  indices  will  be  h  and  k  or  both  h  if  equal,  or  ho  if  the  &ce 
is  parallel  to  one  basal  axis.  The  third  symbol  will  be  1  or  0  as  the  face  intersects  or 
is  parallel  to  the  vertical  axis.    These  must  be  reduced  to  simplest  form. 


«  •       .   *  '. 
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-iK--.. 


Fig.  1 10. 


Fig.  III. 


Fig.  112. 

Other  Limit 

Forms  which 

ARE  New 

Shapes. 


Fig.  113.  Fig.  114. 

Projection  and  Calculation  of  Tetragonal  Forms. 

The  basal  pinacoid  is  usually  selected  as  the  plane  of  projec- 
tion, the  poles  lying  as  stated  in  the  table.  On  p.  287,  Fig.  36,  is 
described  the  projection  of  the  poles  of  a  crystal  of  cassiterite. 

Determination  of  Elements. 

■r    ▼-..     «^  COS  s      .  OL  ^T    f 

In  Fig.  86,  cos  tr  =  -^—  and  r^-r-i  =  cot  tr,    c  =  OL./ 
^       '  sin  r         OH 


Also  in  Fig.  115  ifAA/=F. 

c  =  tan  FC  cos  45°  =  tan  KC 
sin  KC  =  tan  KF  cot  45 
/ 


N — •-•. 


>/lf-\-l^ 


tan  PC 


To  Determine  Position  of  any 
Pole*  P. 

cot  PA  =  tan  PH  =  4  cos  PAB 

=:^  COS  PAC  =  -yJL=^ 


Kkol 


hhJko 


A 100 


*  Miller's  Crystallography^  p.  44,  Story-Maskelyne's  Crystallography^  p.  449. 
VOL.  XVIII.— 28. 
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cot  PB  =  tan  PK  =  ^  cos  PBA  =  ^cos  PBC  = 

h  la 

cot  PC  =  tan  PL  =  -=^  cos  PCA  =  4-  cos  PCB  = 

he  kc 

General  Equation  Between  Axes  and  Indices. 

7  cos  PA  s=  -J-  cos  PB  =  -r  cos  P. 
k  k  I 

Formula  for  Angle  Between  Two  Planes. 


kc 


la 


y/c'^Ji^+f?) 


cos  PP  =  — - 


Formulae  for  angle  between  two  faces  of  same  form  are  as  on 
p.  399. 


Angle  PC  When  PC  Known 


,     _   _  tan  PC  =  -^~=^ 


tan  PC. 


HEXAGONAL  SYSTEM. 

All  forms  in  this  system  must  be  referable  to  three  equivalent 
axes  a  in  one  plane  at  60°  to  each  other  and  a  fourth  axis  c  nor- 
mal to  these,  conventionally  placed  vertically.    Fig.  116. 

The  system  comprises  two  grand 
divisions.  The  Hexagonal  division 
with  five  classes  in  which  the  fourth 
axis  is  an  axis  of  senary  symmetry. 
The  Rhombohedral  division  with 
seven  classes  in  which  this  axis  is 
■  an  axis  of  ternary  symmetry. 

The  vertical  and  basal  axes  being 
non-equivalent,   the    ratio    of   the 

•  '*^'  parameters  -  is  always  an  irrational 

number  and  for  each  different  ratio  a  different  series  of  forms 
exists,  one  series  only  being  capable  of  occurrence  on  the  crystals 
of  the  same  substance. 

The  basal  axes  are  most  conveniently  considered  in  the  order  of 
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the  figure,  for  then*  the  third  index  is  always  the  algebraic  sum  of 
the  first  and  second. 

THE  RHOMBOHEDRAL  DIVISION. 

16.  Class  of  the  Trigonal  Pyramid  of  Third  Order. 

Without  planes  of  symmetry,  but  with  an  axis  of  ternary  sym- 
metry. As  shown  in  projection,  Fig.  117,  the  symmetry  is  satis- 
fied by  three  faces  for  the  general  form,  or  Trigonal  Pyramid 
OF  Third  Order,  Fig.  118.  Examples. — Sodium  periodate 
NaIO,.3HjO. 

•  ^-— -—• .. 

/  *  \  /  \ 


ft  •••••••••MtoW^a  •**  ^^^^«  asapw  •■«v*0  •  mm  •  • 

\     /\ 


■4  a 


Fig.  117.  Fig.  118. 

17.  Class  of  Rhombohedron  of  the  Third  Order. 

With  composite  symmetry  to  a  ternary  axis  and  a  plane  at  right 
angles , thereto.  As  shown  in  the  stereographic  projection,  Fig. 
119,  the  symmetry  is  satisfied  by  six  faces  for  the  most  general 
form  or  Rhombohedron  of  the  Third  Order,  Fig.  120.  Ex- 
amples.— Dioptase,  phenacite. 


/ 


a -•.. 

■K  >■ 

.'      O   •.  / 


#  * 

► ia 


/ 
\    •■  o 

V.' 

«    ••• ..'* 


Fig.  119.  Fig.  120. 

18.  Class  of  the  Trigonal  Trapezohedron. 

Without  planes  of  symmetry,  but  with  the  four  axes  of  sym- 
metry of  Class  22.  As  shown  in  projection,  Fig.  121,  the  sym- 
metry is  satisfied  by  six  planes  for  the  general  form,  or  Trigonal 
Trapezohedron,  Fig.  122.    Examples. — Quartz,  cinnabar. 

*Siii|ple  proof  in  Banennan's  Systematic  Mineralogy,  p.  76. 
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/  o 


*• 


\  ■*■ 


Fig.  121. 


Fig.  122. 


19.  Class  of  the  Trigonal  Bipyramid  of  Third  Order. 

With  one  plane  of  symmetry  at  right  angles  to  the  axis  of  ter- 
nary symmetry.  As  shown  in  the  projection,  Fig.  123,  the  sym- 
metry is  satisfied  by  six  planes  for  the  most  general  form,  or  Tri- 
gonal Bipyramid  of  Third  Order,  Fig.  124.  No  examples  are 
known. 


Fig.  123. 


Fig.  124. 


20.  Class  of  the  Ditrigonal  Pyramid. 

With  three  planes  of  symmetry  at  60°  to  each  other  which  in- 
tersect in  the  axis  of  ternary  symmetry.  These  forms  are  geomet- 
rically the  upper  or  lower  halves  of  those  of  Class  22.  As  shown 
in  projection.  Fig.  125,  the  symmetry  is  satisfied  by  six  planes 
for  the  most  general  form,  or  Ditrigonal  Pyramid,  Fig.  126. 
Examples. — Tourmaline,  proustite,  pyrargyrite. 


Fig.  125. 


Fig.  126. 


21.  Class  of  the  Ditrigonal  Scalenohedron. 
With  three  planes  of  symmetry  at  60°  to  each  other  and  inter- 
secting in  an  axis  of  ternary  symmetry,  and  three  axes  of  binary 


■nn* 
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symmetry  bisecting  the  angles  between  the  planes.  As  shown  in 
projection,  Fig.  127,  the  symmetry  is  satisfied  by  twelve  faces  for 
the  most  general  form,  or  Ditrigonal  Scalenohedron,  Fig.  128. 
Examples. — Calcite,  hematite,  corundum. 


Fig.  128. 


22.  Class  of  the  Ditrigonal  Bipyramid. 

With  three  planes  of  symmetry  at  60®  to  each  other  which  in- 
tersect in  an  axis  of  ternary  symmetry  and  one  plane  normal  to 
these  which  intersects  the  others  in  axes  of  binary  symmetry. 
The  planes,  Fig.  1 29,  divide  space  into  twelve  equal  parts,  shown 
in  projection.  Fig.  130,  as  six  birectangular  spherical  triangles 
with  angles  at  the  center  60°. 

Any  upper  face,  corresponding  to  a  pole  X  in  one  of  the  tri- 
angles, would  by  rotations  of  1 20°  around  the  ternary  axis  coin- 
cide with  two  other  upper  faces.  Each  of  these  by  reflection  in 
a  vertical  plane  of  symmetry  coincides  with  another  face  and 
the  six  by  reflection  in  the  horizontal  plane  of  symmetry  coincide 
with  six  lower  faces,  the  poles  of  which  are  indicated  by  circles. 

The  symmetry  of  the  class  is  satisfied  by  twelve  faces  for  the 
most  general  form  or  Ditrigonal  Bipyramid,  Fig.  131.  No  ex- 
amples are  known. 


Fig.  129. 


Fig.  130. 


Fig.  131. 
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The  Six  Limit  Forms. 

In  each  class  there  are  six  limit  forms  corresponding  to  special 
positions  of  the  faces  of  the  general  form.  These  may  be  tabu- 
lated as  follows : 


Position  of  any  Face  and  its 
Pole. 

I.  Parallel  to  all  basal 
axes.  Poles  projected  at 
the  centre. 


2.  Oblique  to  the  vertical 
axis  but  parallel  to  one 
basal  axis.  Poles  are  on 
the  interaxial  diameters. 


3.  Oblique  to  the  vertical 
axis  and  equally  inclined 
to  alternate  basal  axes. 
Poles  are  on  the  axes. 


4.  Parallel  to  the  vertical 
axis  and  to  one  basal 
a^cis.  Poles  are  at  inter, 
sections  of  primitive  cir- 
cle and  interaxial  di- 
ameters. 

5.  Parallel  to  the  vertical 
axis  and  equally  inclined 
to  alternate  basal  axes. 
Poles  are  at  intersections 
of  axes  and  primitive 
circle. 

6.  Parallel  to  the  vertical 
and  unequally  inclined  to 
all  basal  axes.  Poles  are 
on  primitive  circle. 


Symbol* 


{0001} 


^hohi}^ 


\Jthiihiy^ 


I  loloj 


5II20| 


\hklo\^ 


Name  of  Form. 


Basal  Pinacoid,  Fig. 

153. 
Basal  PLANE,one  plane 
of  Fig.  153. 

Trigonal  Bipyramid 
First    Order,   Fig. 

132. 

Rhombohedron  First 
Ordkr,  Fig.  135. 

Trigonal  Pyramid 
First  Order,  Fig. 
136. 

Hexagonal  Bipyra- 
mid Second  Order, 
Fig.  155. 

Hexagonal  Pyramid 
Second  Order,  Fig. 
z6o. 

Trigonal  Bipyramid 
Second  Order,  Fig. 

137- 
Rhombohedron   Sec- 
ond Order,  Fig.  140. 
Trigonal     Pyramid 

Second  Order,  Fig. 

141. 
Trigonal  Prism  First 

Order,  Fig.  133. 
Hexagonal    Prism 

First    Order,   Fig. 

156. 

Hexagonal  Prism 
Second  Order,  Fig. 

Trigonal  Prism  Sec- 
ond Order,  Fig.  138. 

Ditrigonal  Prism, 
Fig.  134. 

Dihexagonal  Prism, 

Fig.  158. 
Trigonal       Prism 

Third  Order,  Fig. 

139. 
Hex  agona  l     Prism 

Third  Order,  Fig. 

161. 


Classes  to  which  the  form 
belongs. 


22,21,^,19,18,17, 


—,—,20,—, — , 

aa,— ,— ,19,— , 

— ,  ai,— ,— ,.i8, 
—,—,20,-^  — 


-,16. 


i7»— 
-,16 


22,21,—,—,- 

— — ,  -•,  20, — ,  — ,  — ^  — , 

— ,  — ,  — » 19, 18,  — , — 


"» — %  — I  — > — i '  7>  — ' 
-J  — t  — ,  — ,  — » — ^,16. 


a2,2i,2abi9.-',~»i6. 
— , — ,  — , — ,  18, 17, — • 

22,21,20^— ,18,17,— . 


22 


— %  aO. — ^B  81,  — ^  — ^ 
21,  — ,  — ,— ,  -^j  — . 

— ,— »I9.— I— f  »6. 


"» — »    ^1     ^f 


17,— 


*  See  footnote  under  hexagonal  division,  p.  414. 
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Fig.  132. 


Fig.  133. 


>    ■     «« 


FIG.  134. 


Fig.  135. 


Fig.  136. 


Fig.  137. 


:::---^:«- 


Fi«.  13S. 


Fig.  139. 


Fig.  140. 


Limit  Forms  in  Rhombohedral  Division 

WHICH  ARE  Geometrically  Shapes 

NOT  included  in  Hexagonal 

Division. 


Fig.  141. 
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THE  HEXAGONAL  DIVISION. 

23.  Class  of  the  Third  Order  Hexagonal  Pyramid. 

Without  planes  of  symmetry  but  with  one  axis  of  senary  sym- 
metry. As  shown  in  the  projection,  Fig.  142,  six  planes  satisfy 
the  symmetry  of  the  most  general  form  or  Hexagonal  Pyramid 
OF  Third  Order,  Fig.  143.    Example. — Nephelite. 


/ 


\  / 


> 

♦     : 


^>***»»— ■■■■>#*•■ 


/ 


a  


■■<y 


Fig.  142.  Fig.  143. 

24.  C1.ASS  OF  THE  Hexagonal  Trafezohedron. 

Without  planes  of  symmetry  but  with  the  seven  axes  of  Class 
27.  As  shown  in  projection.  Fig.  144,  twelve  faces  satisfy  the 
symmetry  for  the  most  general  form  or  Hexagonal  Trapezohe- 
DROii,  Fig.  145.    Example— (SbO)2  BaQH^Oe-KNOj. 


Fig.  144.  Fig.  145. 

25.  Class  of  the  Third  Order  Hexagonal  Bipyramid. 

With  one  plane  of  symmetry  normal  to  the  axis  of  senary  sym- 
metry. As  shown  in  projection,  Fig.  146,  twelve  faces  satisfy  the 
symmetry  for  the  most  general  form  or  Hexagonal  Bipyramid  of 
Third  Order,  Fig.  147.     Example. — Apatite,  pyromorphite. 


Fig.  146. 


Fig.  147. 
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26.  Class  of  the  Dihexagonal  PritAHiD. 
With  six  planes  of  symmetry  at  30°  to  each  other  and  intersec- 
ting in  the  axis  of  senary  symmetry.  From  the  projection,  Fig. 
14S,  it  is  evident  that  the  general  form.  Fig.  149,  or  Dihexagonal 
Pyramid,  Fig.  149,  is  geometrically  the  upper  (or  lower)  half  of 
the  general  form ,  Fig.  152,  of  the  next  class. 


Fic.  149. 


/  \A 

'I 

1 

Fig.  148. 


27.  Class  of  the  Dehexagonal  Bipyramiu. 
With  seven^lanes  of  symmetry,  six  being  normal  to  the  seventh 
and  at  30'^  to  each  other  as  shown  in  Fig.  1 50.  The  common 
intersection  of  six  planes  of  symmetry  is  the  axis  of  senary  sym- 
metry and  their  intersections  with  the  seventh  arc  axes  of  binary 
symmetry. 


In  projection.  Fig.  151,  the  planes  of  symmetry  form  twelve 
equal  birectangular  spherical  triangles  with  angles  at  the  centre, 
30°.  Any  upper  face,  with  a  pole  marked  x  ,  by  rotations  of  60'' 
around  the  senary  axis  coincides  successively  with  five  other  upper 
feces  represented  by  crosses  in  the  alternate  triangles.  Each 
of  the  six  reflected  in  a  vertical  plane  of  symmetry  coincides 
with  another  face  and  the  twelve  reflected  in  the  horizontal 
plane  coincide  with  twelve  lower  faces  represented  by  circles. 
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The  letter  permutations  of  the  general  symbol  (hkli\  in  which  t 
always  must  remain  in  fourth  place,  are  hkli^  hlki^  khli^  klhi^  Ihki^ 

Ikhi,  and  each  may  have  four  sign  permutations,  +H h, h  +  » 

-f-j.  — i^and 1 —  or  twenty-four  permutations  in  all.  Pro- 
jection and  permutation  both  show  that  the  symmetry  of  the  class 
is  satisfied  by  twenty-four  faces  for  the  most  general  form  or  Di- 

HEXAGONAL  BiPYRAMID,  Fig.  1 52.      EXAMPLE. — Beryl. 


The  Six  Limit  Forms. 

In  each  class  there  are  six  limit  forms--corresponding  to  special 
positions  of  the  faces  of  the  general  form.  These  may  be  tabu- 
lated as  follows : 


Position  of  any  Face  and  its  Pole. 


X.  Parallel  to  all  basal  axes. 
Poles  projected  at  the  center. 


2.  Oblique  to  the  vertical  axis 
but  parallel  to  one  basal  axis. 
Poles  are  on  the  interaxial 
diameters. 

3.  Oblique  to  the  vertical  axis 
and  equally  inclined  to  alter- 
nate basal,  axes.  Poles  are 
on  the  axes. 

4.  Parallel  to  the  vertical  axis 
and  to  one  basal  axis.  Poles 
are  at  intersections  of  primi- 
tive circle  and  interaxial  di- 
ameters. 

5.  Parallel  to  the  vertical  axis 
and  equally  inclined  to  alter- 
nate basal  axes.  Poles  are 
at  the  intersections  of  axes 
and  primitive  circle. 


Symbol* 


|oooi} 


{ hohi\ 


Name  of  Form. 


\hh2hi\ 


{1010} 


Basal  Pinacoid,  Fig.  153. 
Basal  Plane,  one  plane  of 

Fig-  153. 

Hexagonal  Bipyramid 
First  Order,  Fig.  154. 

Hexagonal  Pyramid 
First  Order,  Fig.  159. 


Classes  to  which 
the  form bei'ng's 


27,— ,25,24, 

—,26,— ,—,23. 


27.— »  25,24.-^ 
—,26, — , — ,23. 


Hexagonal     Bipyramid  27, — ^,25,24,^-% 

Second  Order,  Fig.  155. ! 
Hexagonal  Pyramid  Sec-' — ^,26, — , — ^,23. 

OND  Order,  Fig.  160. 


Hexagonal  Prism  First 
Order,  Fig.  156. 


J 1120}    Hexagonal   Prism    Sec- 
I    ond  Order,  Fig.  157. 


6.  Parallel  to  the  vertical  but    \hklo\ 
unequally    inclined    to    all 
basal  axes.    Poles  are  on  the  I 
primitive  circle. 


Dihexagonal  Prism,  Fig. 

158. 
Hexagonal  Prism  Third 

Order,  Fig.  161. 


«;» 26, 25, 24,23. 


27, 26, 25,24, 23- 


27,26,^,24,-^ 

— .— .25i-.23' 


*  In  the  type  symbols  the  first  and  second  indices  relate  to  the  relative  inclination  of 
the  faces  to  the  alternate  basal  axes.  If  unequally  inclined  hk^  if  equally  inclined  hh^ 
if  parallel  to  one  ko.  The  third  index  is  /,  the  algebraic  sum  of  the  first  and  second 
with  the  opposite  sign. 
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Fig.  153. 


Fig.  154. 


Fig.  155. 


Fig.  156. 


Fig.  157. 

Limit  Forms  of  Class  27. 


Fig.  158. 


I^_ 

I     X 

Fig.  159.  Fig.  160. 

Limit  Forms  Geometrically  New  in  the 

Other  Classes. 

Fig.  161. 

Projection  and  Calculation  of  Hexagonal  and  Rhombohe- 

DRAL  Forms. 

The  basal  pinacoid  is  the  plane  of  projection.  The  position  of 
the  poles  are  as  in  the  tables,  pp.  410  and  414. 

The  indices  of  a  face  truncating  an  edge  of  any  form  are  the 
sum  of  the  indices  of  the  faces  forming  the  edge,  for  example,  the 
edge  between  loii  and  01 11  is  truncated  by  11 22. 

The  Zonal  Relations 

Are  calculated  from  three  indices  of  which  one  must  relate  to 
the  vertical  axis.     For  instance,  by  method  of  cross  multiplication 
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the  zone  indices  of  the  planes  hkli^h'k^l'fvfiW  be  determined  hy  hki 
and  h'k'f  \M^ki  ^ikf.v  ^M  ^  M,  ^N^likf  ^  kK. 

Determination  of  Elements. 

Two  equal  basal  axes  at  i  2qP  to  each  other  and  at  right  angles 
to  the  vertical  are  sufficient.  In  Fig.  ill  the  spherical  triangle  rst 
has  /=  120°. 

cos  s  +  j4  cos  r  OL  ^  _.  . 

cos  ir  =  — : — : ,   — ;  cot  tr  =  Tyfj\  ^  =  OL.t 


or 


Jsinrv/3 


-         k  c 

tan  (0001):  (1122)=  T-  =  -  =  ^ 


DJ.1100 


X  I 


Cooq; 


Olio 


i^oio 


Fig.  162.  riG.  163. 

To  Determine  the  Position  of  any  Pole  P. 

Using  notation  of  Fig.  163  and  denoting  by  M  the  quantity 


^  3^'*  +  4^'  (/^^  +/^  +  hk) 


cos  PA  =  ^    -,T     ,  cos  PB  =  ->  -X;.  --,  cos  PD  =  —  j^— 


M 


cos  /C  = 


J/ 

M 


To  Find  the  Arc  Joining  two  Poles  P  and  F. 

cos  /^P  = 
Tangent  Principle. 


^  ^  3iy  +  2^  (//yfe'  +  >fo4'  +  2hh'  ±2k^\ 


i     tan  PC       ^       A 
'/  "tan^C'^yP""  A' 
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THE  ISOMETRIC  SYSTEM. 

All  forms  in  this  system  must  be  referrable  to  three  equivalent 
axes  at  right  angles  to  each  other.  The  system  includes  five 
classes. 

28.  Class  of  the  Tetartoid. 

The  forms  have  seven  axes  of  symmetry  but  no  planes  of 
symmetry.  Three  of  the  axes  are  binary  normal  to  the  faces  of 
the  hexahedron  and  four  are  ternary  through  diagonally  opposite 
solid  angles  of  the  hexahedron. 

As  shown  in  the  projection  Fig.  164,  twelve  faces  in  each  alter, 
nate  octant  satisfy  the  symmetry  for  the  most  general  form  or 
TETARTOID,  Fig.  165.     EXAMPLES — Sodic  chloratc,  baric  nitrate. 


Fig.  164. 


Fig.  165. 


29.  Class  of  the  Gyroid. 

Without  planes  of  symmetry  but  with  all  the  axes  of  symmetry 
of  class  32.  As  shown  in  the  projection  Fig.  i66,  twenty-four 
faces,  three  in  each  octant,  satisfy  the  symmetry  for  the  most  gen- 
eral form*  or  Gyroid,  Figs.  i68  and  167.  Examples. — Halite, 
sylvite,  cuprite. 


/T\ 


#'      M/    i    *«0      Ik 


Fig.  167. 


Fig.  168. 


*The  right  form,  Fig.  168,  and  the  left  lorm,  Fig.  167,  are  enantimorphic,  that  is, 
their  elements  are  equal  and  the  faces  of  the  one  are  parallel  but  oppositely  placed 
with  respect  to  those  of  the  other. 
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30.  Class  of  the  Diploid. 

The  forms  have  three  cubic  planes  of  symmetry,  the  intersec- 
tion of  these  are  three  axes  of  binary  symmetry  and  there  are  four 
diagonal  axes  of  ternary  symmetry. 

As  shown  by  the  projection,  Fig.  169,  the  symmetry  of  the 
class  is  satisfied  by  twenty-four  faces  for  the  most  general  form  or 
Diploid,  Figs.  170  and  171.  Examples— Pyrite,  smaltite,  cobal- 
tite. 


Fio.  i6g. 


Fig.  170. 


Fig.  171, 


31.  Class  of  the  Hextetrahedron. 

The  forms*  have  the  six  dodecahedral  planes  of  symmetry  of 
Class  32  and  the  seven  axes  of  symmetry  formed  by  their  intersec- 
tion.    Of  the  latter,  four  are  ternary  and  three  binary. 

As  shown  in  the  projection.  Fig.  172,  the  symmetry  of  this 
class  is  satisfied  by  twenty-four  faces  for  the  most  general  form  or 
Hextetrahedron,  Figs.  173  and  174.  Examples. — Sphalerite, 
tetrahedrite,  diamond. 


Fig.  173. 


Fio.  174. 


32.  Class  of  the  Hexoctahedron. 

The  forms  of  this  class  have  three  planes  of  symmetry  parallel 
to  the  faces  of  the  cube  and  six  planes  of  symmetry  through  diag- 

*  The  fonns  of  thU  class  exist  in  pairs  which  are  said  to  be  cangrutnt,  that  it  either 
by  B  revolutioD  of  90°  atiout  an  axis  may  brought  inlo  the  portion  of  Ibe  other.  They 
are  distinguished  as  right  and  lelt  fornu. 
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onally  opposite  edges  of  the  cube,  that  is  parallel  to  the  faces  of 
the  rhombic  dodecahedron  Fig.  181. 


Fio.  175.  Fig.  176.  Fic  177. 

The  intersections  of  these  planes  are  axes  of  symmetry;  three 
are  quatenary  the  intersections  of  the  planes  parallel  the  hexahe- 
dron; four  are  ternary,  each  the  intersections  of  three  diagonal 
planes ;  and  six  are  binary,  each  the  intersection  of  a  plane  of  each 
kind. 

These  planes  and  axes  of  symmetry  are  shown  in  stereographic 
projection.  Fig.  176. 

The  number  of  faces  in  the  most  general  form  may  be  deter- 
mined as  follows : — 

In  any  quadrant  the  pole  marked  I  of  a  face  in  the  upper  half 
of  the  crystal  by  rotations  of  120°  around  the  ternary  axis  must 
coincide  successively  with  faces  thf  poles  of  which  are  2  and  3. 
These  three  by  reflection  in  the  planes  of  symmetry  must  coincide 
1  with  4,  2  with  5,  3  with  6.  Since  there  is  a  vertical  axis  of 
quaternary  symmetry  the  entire  quadrant  must  coincide  succes- 
sively pole  for  pole  with  the  second,  third  and  fourth  quadrants 
and  finally  the  resulting  24  faces  reflected  in  the  horizontal 
plane  of  symmetry  must  coincide  with  24  lower  faces.  That 
is,  the  form  must  consist  of  48  faces  with  a  pole  in  each  of  the 
right  spherical  triangles  made  by  the  planes  of  symmetry. 

This  result  could  also  be  reached  by  considering  the  possible 
permutations  of  letter  and  sign  in  the  symbol  of  the  general  form 
\kkl  \.    The  letter  permutations  are : 

hkl,  hlk.  klk,  khl.  Ikh,  Ikk. 

Each  of  these  can  undergo  eight  permutations  in  sign  according 
to  the  octant  in  which  the  plane  occurs. 

Upper  octants  +  +  +,  —  +  +, f.,  -| 1-, 

Lower  octants  -I-  -I-  — , j — , ,  -f- , 
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or  48  permutations  in  all.  That  is  to  satisfy  the  symmetry  the 
most  general  form  or  Hexoctahedron,  Fig.  177,  must  consist  of 
48  faces  six  in  each  octant.    Examples. — Garnet,  fluorite,  spinel. 

The  Six  Limit  Forms. 

In  each  class  there  are  six  limit  forms  corresponding  to  special 
positions  of  the  faces  of  the  general  form.  These  may  be  tabu- 
lated as  follows : 


Position  of  any  Face. 


Symbol* 


Name  of  Form. 


I.  Equally  inclined  to  all  three  j  5  m 
axes.  Poles  on  ternary  axes.  I  ^ 


2.    Equally  inclined  to  two   (xz/7 
axes,  more  nearly  parallel   ^        ^ 
the  third.    Poles  are  on  the 
short  sides  of  triangles. 


3.  Equally  inclined  to  two 
axes  less  nearly  parallel  the 
third.  Poles  are  on  hypothe- 
nuse. 

4.  Equally  inclined  to  two 
axes,parallel  thethird.  Poles 
at  vertices  of  right  angles. 

5.  Unequally  inclined  to  two 
axes  parallel  thethird.  Poles 
are  on  the  long  sides. 


\hkk\ 


\vio\ 


\hko\ 


6.  Parallel  to  two  axes.    Poles  (  jqq  \ 
are  on  the  quaternary  axes.  ,  ^        ^ 


Octahedron,  Fig.  178. 
Tetrahedron,  Fig.  184. 

Trigonal  TRiS(xn-AHEDRON, 

Fig.  179. 
Tetragonal    Tristetrahe- 

DRON,  Fig.  185. 


Classes  to  which 
Form  belongs. 


Tetragonal      Trisoctahe- 

DRON,  Fig.  180. 
Trigonal         Tristetrahe-  — ,31, — , — ,28. 

DRON,  Fig.  186. 


32,— ,30, 29,—. 
— ,3^— .— .38. 
3a»— f30»  29,—. 
— ,3^— »— .38. 

32.-->  3o,29»— . 


Rhombic     Dodecahedron, 
Fig.  181. 

Tetrahexahedron,  Fig.  182. 

Pentagonal        Dodecahe 
DRON,  Fig.  187. 

Hexahedron,  183. 


32,3^30.29,28. 

32,31,— ,29,— . 
— »— » 30.— »28. 

32»3i.  30*29,28. 


Fig.  178. 


Fig.  179. 


Fig.  180. 


*  The  type  symbols  of  the  forms  are  easily  obtained  without  direct  reference  to  the 
intercepts  by  noting  parallelism  and  relative  nearness  to  parallelism  to  the  axes.  Zero 
being  the  symbol  of  parallelism  and  conventionally  h^k^  I, 
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Fig.  181. 


Fig.  182. 

Limit  Forms  of  Class  32. 


Fig.  183. 


Fig.  184. 


Fig.  185. 


Fig.  186. 


Limit  Forms  Geometrically  New 
THE  Other  Classes. 


IN 


Fig.  187. 

Projection  and  Calculation*  of  Isometric  Forms. 

The  forms  are  usually  projected  on  a  cubic  face  and  the  poles 
lie  as  stated  in  the  table,  the  positions  being  usually  found  by  zone 
intersections.  The  planes  of  symmetry  divide  space  into  forty- 
eight  similar  parts  each  shown  in  stereographic  projection  as  a 
right  triangle  in  which :  the  hypothenuse  (54°  44'),  is  the  angle 
between  a  binary  and  a  ternary  axis ;  the  longer  side  (45°)  is  the 
half  angle  between  two  binary  axes;  the  shorter  side  (35°  16')  is 
the  half  angle  between  two  ternary  axes. 

Calculation  of  Elements. 

The  parameters  are  all  equal  and  the  angles  between  the  axes 
are  right  angles. 

♦Millers*  Crystallograf>hy,  pp.  25;  Story-MaskeIyne*s  Crystallography,  p.  453. 
VOL.  XVIII. — 29. 
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General  Expression  of  Relation  Between  Angles  and  Indices. 

cos  PA  ^  cos  PB  ^  cos  PC 

To  Determine  Position  of  any  Pole. 

Adopting  notation  of  Fig.  i88  equations  become 


/  Jk 

cot  CP  =^ —^=^^=  ^^,ianACP=T' 

tan BAP=  i;  tanCBP^  ^ 


C  o6r      H  \ok  I       B.oioii 


cos /M  =  sin  PH^ 


-7\» 


^/s 


Kkoi 


Aioo 


Fig.  i88. 


cos  PB  =  sin  PK  =  -.--, 

cosK:=sinPZ=  -7-»n  which 
5^/1^+ J^  +  l^ 


To  Find  the  Arc  Joining  /*=  Ml  and  P'  =  /I'Ji'f 

cosPP'^^ =^ 


PROFESSIONAL    DRAUGHTSMEN    AS    SPECIAL    STU- 
DENTS IN  THE  SCHOOL  OF  ARCHITECTURE. 

By  professor  WILLIAM  R.  WARE. 

It  is  not  the  policy  of  the  Faculty  of  Applied  Science  to  en- 
courage the  attendance  of  special  students  in  the  schools  under  its 
charge.  The  catalogue  distinctly  says  that  their  presence  is  not  de- 
sired. Most  of  the  scientific  schools  in  this  country,  indeed,  and 
some  of  the  colleges,  allow  men,  who  are  not  qualified  or  who  do 
not  wish  to  follow  their  full  courses,  to  pursue  a  partial  course  ac- 
cording to  their  choice.  But  a  brief  experience  in  the  early  days 
of  the  School  of  Mines  convinced  its  managers  that  the  character 
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of  the  school  was  lowered  by  the  presence  of  men  who  were  in- 
-competent  to  follow  its  curriculum,  and  that  its  reputation  suffered 
when  such  men  boasted  that  they  had  been  its  pupils.  The  School 
of  Mines,  accordingly,  and  the  Schools  of  Chemistry  and  of  En- 
gineering that  have  sprung  from  it,  admit  as  special  students  only 
men  who  have  already  graduated  in  a  college  or  scientific  school, 
extending  the  privilege  to  other  persons  only  when  they  are  of 
mature  age,  and  for  reasons  of  weight. 

The  School  of  Architecture  has  for  some  years  afforded  an  ap- 
parent exception  to  this  rule,  having  even  while  a  department  in 
the  School  of  Mines  obtained  leave  to  try  the  experiment  of  ad- 
mitting professional  draughtsmen  to  the  school  as  special  students 
upon  the  same  footing  as  college  graduates. 

Half  a  dozen  years*  experience  has,  on  the  whole,  justified  this 
step.  During  this  period,  besides  eight  or  nine  college  men,  about 
ten  times  as  many  practicing  draughtsmen  have  presented  them- 
selves, nearly  half  of  whom  have  been  attracted  from  distant  parts 
of  the  country,  in  the  west  and  south.  A  fair  proportion  have 
proved  to  be  men  of  maturity  and  character,  sufficiently  practised 
in  drawing  and  design  to  take  up  our  current  work,  and  most  of 
them  have  possessed  sufficient  general  education  to  follow  with 
profit  the  instruction  in  history  and  ornament,  if  not  that  in  me- 
chanics and  engineering.  Three  or  four  have  found  time  to  re- 
view their  earlier  studies  and  presently  to  swing  into  line  as  regular 
students,  finally  taking  their  degree  in  due  course.  Others  have 
remained  a  longer  or  shorter  time,  according  as  their  means  held 
out,  some  staying  in  the  school  only  while  business  was  slack,  and 
returning  to  office  work  as  soon  as  opportunity  offered.  Though 
nominally  holding  the  status  of  university  or  post-graduate  stu- 
dents, and  ranking  accordingly  with  the  fourth  year  men,  all  whose 
work  is  of  a  post-graduate  character,  most  of  them  have  proved 
to  be  hardly  up  to  that  mark,  and  as  they  were  free  to  take  part 
in  whatever  was  going  on  that  best  suited  their  condition,  have 
taken  at  first  the  drawing  and  design  of  the  second  or  third  year, 
or  both  together,  advancing  to  the  fourth  year  work  as  time 
went  on. 

But  though  the  result  of  the  experiment  has  been  sufficiently 
satisfactory  to  warrant  its  continuance,  the  evils  which  the  School 
of  Mines  so  much  dreaded  have  not  been  entirely  absent.  That 
men  who  have  been  thus  temporarily  under  instruction  should, 
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by  the  general  public,  be  confounded  with  the  men  who  have 
passed  our  tests  and  received  our  diploma,  is  indeed  unavoidable. 
It  is  inherent  in  the  situation.  It  is  one  of  the  evils  which  have 
to  be  borne  with  in  view  of  the  advantages  from  which  it  cannot 
be  separated.  But  after  all  a  student  who  takes  only  part  of 
our  work  is  really  no  more  dangerous  to  our  reputation  than 
one  who  stays  through  only  part  of  the  course.  The  exclusion 
of  special  students  altogether  would  still  leave  us  at  the  mercy  of 
the  incompetent  and  unsuccessful  regulars,  comprising  about  two- 
thirds  of  all  that  enter,  who  fail  to  complete  the  course. 

The  other  evil,  that  of  bringing  into  the  school  an  inferior  class 
of  men,  though  more  serious  in  itself,  is  more  easily  dealt  with. 
We  soon  found  that  neither  a  college  degree  nor  three  or  four 
years  of  office  practice  was  any  guarantee  of  maturity  of  character 
or  of  serviceable  attainments.  A  number  of  the  men  admitted 
on  the  strength  of  these  credentials  proved  too  ignorant  or  too 
idle  to  be  profitable  company.  But  such  men,  even  if  they  can- 
not be  kept  out,  need  not  be  retained,  and  the  means  to  this  end 
which  we  have  finally  adopted  promise  to  be  efficient.  Hereafter 
no  draughtsman  will  be  admitted  as  a  special  student  who  is  not 
really  proficient  in  architectural  draughtsmanship  and  no  special 
student  will  be  permitted  to  stay  in  the  school  more  than  a  couple 
of  months  who  does  not  fulfil  all  the  requirements  exacted  of  the 
regular  students,  in  respect  of  regularity  and  efficiency,  in  an  emi- 
nent degree. 

Under  these  conditions  we  may  well  invite  professional  draughts- 
men to  come  to  us  and  they  may  well  come.  At  the  new  site  on 
Morningside  Heights,  the  New  York  Acropolis,  there  will  be 
plenty  of  room  for  them.  Our  quarters  in  Havemeyer  Hall  will  be 
spacious,  clean  and  quiet,  and  they  will  command  views  out  of  the 
windows  of  some  of  the  most  delightful  prospects  in  the  world.  The 
special  advantages  that  the  school  offers  such  men  consist  mainly,  of 
course,  in  freedom  in  the  choice  of  their  studies,  in  the  abundant 
opportunities  offered  by  the  libraries,  museums  and  collections 
close  at  hand,  and  in  the  facilities  which  the  city  presents  for  the 
study  of  work  cither  in  progress  or  completed,  whether  in  archi- 
tecture, the  decorative  arts  or  architectural  engineering.  But  the 
conditions  of  attendance  are  also  exceptionally  favorable,  our  spe- 
cial students  being  received  for  periods  of  two  months  at  a  time.  It 
is  accordingly  practicable  for  an  experienced  draughtsman  who  is 
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for  some  months  out  of  employment  to  attend  the  school  for  a 
limited  period,  taking  part  in  the  problems  in  design  that  happen 
to  be  in  hand»  and  attending  such  other  instruction  as  he  may  be 
qualified  to  profit  by,  thus  turning  bad  fortune  into  good.  Most 
draughtsmen,  even  the  most  capable  ones,  hold  their  positions  by  a 
precarious  tenure,  and  soon  discover  that  in  order  to  be  reasonably 
sure  of  continuous  employment  they  must  improve  themselves  in 
knowledge  and  skill.  Intervals  of  enforced  leisure  are  apt  to  give 
such  men  plenty  of  time  for  study  and  practice,  but  profitable  op- 
portunity is  lacking.  It  is  just  this  opportunity  which  we  have 
undertaken  to  supply. 

Unlike  the  young  and  untrained  special  students  whose  presence 
is  so  much  to  be  deprecated,  such  men  would  enter  the  school 
near  the  top  rather  than  at  the  bottom,  raising  rather  than  lower- 
ing the  standard  of  performance.  All  our  work  would  gain  in 
seriousness  and  efficiency  by  their  presence,  and  the  regular  course 
itself  would  become  better  worth  attending. 

Until  schools  are  more  general  in  which  the  elements  of  archi- 
tecture can  be  studied,  the  offices  would  seem  to  be  the  only 
source  from  which  we  can  hope  to  obtain  a  supply  of  students  to 
whom  we  do  not  have  to  teach  the  A  B  C  of  the  art.  Classes 
such  as  those  at  the  Pratt  Institute  in  Brooklyn,  the  Armour  In- 
stitute and  the  Art  Institute  in  Chicago  and  others,  in  St.  Louis, 
Cincinnati  and  elsewhere,  and  the  evening  schools  maintained  in 
many  places  throughout  the  winter,  do  indeed  furnish  a  certain 
number  of  men  capable  of  entering  in  advanced  standing.  The 
competitions  carried  on  by  the  Society  of  Beaux-Arts  Architects 
also,  in  which  draughtsmen  all  over  the  country  are  invited  to 
take  part,  and  which,  perhaps,  are  not  as  well  known  nor  as  much 
frequented  as  they  should  be,  and  the  admirable  ateliers  main- 
tained by  some  members  of  this  society  in  New  York,  go  further 
in  the  same  direction.  They  all  point  to  a  time  when  such  schools 
of  architecture  as  our  own  can  exact  some  proficiency  in  the  ele- 
ments of  the  art  as  a  condition  for  admission. 

In  thus  opening  our  doors  to  men  who  are  already  somewhat 
proficient  in  design,  we  are  greatly  extending  and  expanding  the 
service  of  the  School  to  the  community  and  to  the  profession,  and 
doing  it  with  the  least  possible  trouble  and  expense.  A  consid- 
erable part  of  the  pains  spent  upon  our  regular  students  is  of 
course  pretty  much  thrown  away.     Out  of  thirty  or  forty  new 
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men  who  every  year  pass  our  entrance  examinations,  not  more 
than  ten  or  fifteen  complete  the  four  years'  course.  The  rest  drop^ 
by  the  way,  and  the  time  and  labor  bestowed  upon  them,  and 
money  too,  for  every  man  costs  twice  as  much  as  he  returns  in 
tuition  fees,  is  largely  wasted  in  proving,  to  themselves  and  to  us,, 
that  they  made  a  mistake  in  coming  to  us  at  all.  Even  those  who 
remain  are  apt  not  to  take  their  work  any  too  seriously.  It  is  indeed 
more  difficult  for  schools  of  art,  and  even  for  schools  of  science,, 
to  maintain  the  dignity  and  maturity  of  character  that  should 
mark  professional  study,  than  it  is  for  schools  of  law  and  medi- 
cine to  do  so.  For  obvious  reasons  they  tend  to  rank  rather  with 
the  undergraduate  courses  in  the  colleges.  Many  of  our  students 
are  boys  fresh  from  school  who  have,  as  has  been  said,  no  real  vo- 
cation for  the  work,  and  who  take  it  merely  as  the  alternative  ta 
a  college  career.  They  are  indeed  rather  disposed  to  assume 
the  title  of  Freshmen  and  Sophomores,  and  with  it  the  manners 
and  customs  these  names  suggest.  The  cure  for  this  will,  it  is  X.o 
be  hoped,  be  found  in  the  new  policy  lately  adopted  by  the  aca- 
demic department  of  the  University.  Students  in  Columbia  Col- 
lege will  hereafter,  during  their  four  years'  course,  be  permitted  ta 
take  as  electives  all  the  studies  comprised  in  the  first  two  years  of 
the  School  of  Architecture.  They  will  then  be  able  to  complete 
their  professional  studies  in  two  more  years  instead  of  in  four* 
This  six-year  programme  will  meet  the  case  of  boys  who  are  ready 
and  glad  to  continue  their  general  education,  though  they  may  be 
unable  or  unwilling  to  undertake  eight  years  more  of  schooling,, 
while  it  will  furnish  them  to  us  as  men  fresh  from  college  instead 
of  boys  just  out  of  school.  Meanwhile,  we  are,  as  has  been  said,, 
encouraging  the  attendance  of  older  and  more  serious  men  by  offer- 
ing special  inducements  to  draughtsmen  of  experience,  who  have 
already  passed  their  probation,  and  vindicated  in  the  open  market 
their  claim  to  a  place  in  the  profession.  Swch  men  belong  to  just 
that  class  of  mature,  serious,  eager  and  receptive  students,  in  whose 
service  it  is  worth  while  to  spend  time,  pains  and  money*  Such 
have  not  been  lacking  among  the  special  students  of  these  five  or 
six  years.  As  was  said  of  one  of  the  first  of  them  who  presented 
himself,  "  Give  them  a  little  push,  and  they  will  run  for  two  days."^ 
The  more  serious  and  capable  men  in  our  regular  course,  and  such 
are  by  no  means  rare,  would  be  the  first  to  profit  by  and  to  wel- 
come the  more  vigorous  temper  which  such  an  element  could  hardly 
fail  to  infuse  into  our  society. 
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But  whatever  prowess  these  men  may  evince  and  whatever  ser- 
vice we  may  do.  them,  or  they  us,  it  is  in  the  regular  students,  the 
men  who  fulfill  all  the  requirements  of  our  course  and  who  in  sign 
that  they  have  done  so  receive  our  diploma,  that  our  main  interest 
lies.  Whether  this  consummation  comes  at  the  end  of  four  years 
of  strict  adherence  to  our  curriculum  or  by  more  disconnected 
studies,  is  a  matter  of  detail.  It  is  the  end  that  is  the  important 
thing,  no  matter  how  it  is  reached.  This  is  the  end  for  which  the 
School  was  established.  The  main  function  of  the  School  is  to 
furnish  to  the  country  a  body  of  generously  educated  architects, 
gentlemen  and  scholars,  who  shall  in  intellectual  character  and 
professional  culture  help  to  set  the  "profession  where  a  similarly 
broad  education  has  placed  the  professions  of  law  and  medicine. 
There  are  lawyers  and  doctors,  useful  and  eminent,  who  have  not 
this  mark.  But  that  is  not  the  kind  who  receive  their  education 
at  a  university.  There  are  still  architects  of  eminence  who,  as  in 
middle  ages,  are  master  builders.  To  such  and  to  others  whose 
training  lies  all  on  one  side  we  are  glad  to  do  all  the  service  that 
we  can,  by  the  way.  But  we  do  not  forget  that  the  regular 
course  is  our  main  work  and  it  is  the  hope  of  finding  among  these 
irregulars  able  recruits  for  our  main  army  that  adds  zeal  to  our 
efforts  in  their  behalf.  The  statutes  of  the  University  provide 
that  any  special  student  may  obtain  a  degree  by  passing  all  the 
required  examinations  and  enrolling  himself  as  a  regular  student 
at  any  time  up  to  the  beginning  of  the  fourth  year.  It  is  to  be 
hoped  that  as  the  special  students  in  architecture  increase  in  num- 
ber and  improve  in  quality,  an  increasing  proportion  of  them  may 
avail  themselves  of  this  provision. 

The  maintenance  side  by  side  of  two  classes  of  students,  doing 
substantially  the  same  work,  though  standing  upon  so  difTerent  a 
footing,  might  be  expected  perhaps  to  present  some  inconveniences, 
especially  at  first,  before  relations  were  adjusted.  Each  class  might 
natural^  regard  the  other  as  enjoying  exclusive  privileges.  Some 
delicate  questions  of  fees  and  of  promotion  have  already  arisen,  and 
are  in  course  of  what  it  is  hoped  may  prove  satisfactory  adjustment. 
But  it  does  not  appear  that  the  colleges  where  similar  conditions 
obtain  have  experienced  any  serious  embarrassment  on  this  account. 
The  regular  and  special  students  seem  to  live  comfortably  together 
without  antipathies  or  antagonisms. 

It  is  more  significant  to  observe  that  this  condition  of  things 
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may  tend  toward  the  practical  solution  of  a  question  which  as  a  mat- 
ter of  theory  might  be  interminably  debated,  as  indeed  it  has  been, 
and  still  is.  It  may  well  be  held  that  in  the  study  of  any  profession 
there  is  a  definite  series  of  topics  which  had  best  be  taken  up  in  a 
certain  definite  order,  that  the  student  has  no  means  of  forming  a 
sound  judgment  as  to  what  these  topics  are,  or  what  should  be  their 
proper  sequence,  and  that  accordingly  the  sensible  course  for  a  school 
of  architecture,  as  for  a  law  school  or  a  medical  school,  is  to  pre- 
scribe the  path  to  be  trod,  making  it  neither  too  long  nor  too 
broad,  and  to  require  a  strict  adherence  to  it.  This  means  a  curri- 
culum, and  it  can  reasonably  be  contended  that  however  an  elec- 
tive system,  with  freedom  of  choice  in  the  selection  and  the  arrange- 
ment of  studies,  may  be  suited  to  the  wide  field  of  liberal  culture, 
it  has  no  place  in  the  road  to  technical  attainment,  in  which  every 
step  is  necessary  to  the  one  that  is  to  follow  it. 

On  the  other  hand  it  may  be  said  that  architecture,  at  least,  pre- 
sents so  many  sides,  each  requiring  a  special  capacity  in  order 
really  to  approach  it  to  advantage,  that  a  comprehensive  curricu- 
lum can  give  only  a  superficial  training,  and  that  men  should  be 
allowed  and  encouraged  to  devote  themselves  somewhat  exclu- 
sively to  whatever  they  are  best  fitted  for.  Grown  up  men  at  any 
rate,  who  have  found  out  by  experience  what  they  can  do  to  most 
advantage,  should  have  a  free  opportunity  to  pursue  the  studies 
they  feel  they  need  and  to  take  them  up  as  they  may  be  ready  for 
them.  This  would  permit  them  to  attack  one  subject  at  a  time 
and  to  concentrate  effort  upon  it,  studying  as  men  study,  with  con- 
tinuity of  interest,  not  in  broken  snatches  of  time,  like  children. 

This  contention  is  backed  by  the  great  example  of  the  Ecole  des 
Beaux-Arts,  in  which  the  principle  of  freedom  of  choice,  of  what  is 
sometimes  called  that  of  the  European  University  as  opposed  to 
that  of  the  American  College,  finds  a  splendid  exemplification. 

Which  procedure  is  best  adapted  to  the  needs  of  architectural 
education  in  this  country  only  experiment  can  show,  and  it  is  this 
experiment  that  we  are  in  ?.  somewhat  favorable  position  for  trying. 
Our  regular  course  offers  the  first  alternative  to  men  who  are 
especially  fitted  for  it  by  their  preparatory  studies,  giving  them 
three  years  of  training  in  history  and  design  and  in  scientific  and 
practical  construction,  followed  by  a  year  given  exclusively  either 
to  architectural  design,  or  to  architectural  engineering,  as  each 
student  may  elect.    Special  students  follow  the  other  alternative,  and 
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as  it  IS  open  only  to  men  specially  qualified  for  it  by  experience, 
it  may,  if  happily  administered,  prove  equally  advantageous.  It 
is  to  be  expected  that  here  as  elsewhere  the  two  will  develop  har- 
moniously side  by  side,  each  meeting  the  needs  of  its  own  men 
better  than  the  other  could  do.  But  it  may  happen  that  one  or 
the  other  may  prove  so  much  more  congenial  to  the  temper  of 
the  time  that  it  shall  engross  pretty  much  all  our  activities.  In 
that  case  the  school  would  present  the  aspect  either  of  a  strictly 
ordered  community,  with  a  few  outsiders  feeding  on  the  crumbs 
from  the  table  of  the  regular  household,  as  at  present,  or  possibly 
as  a  school  where  most  men  study  what  they  choose,  as  they 
choose,  with  an  auxiliary  or  perhaps  in  that  case  a  preliminary 
course,  like  our  present  first  year,  for  those  who  need  or  desire 
a  preparatory  discipline. 

But  these  are  the  issues  of  the  future,  to  be  determined  by  the 
concurrence  of  natural  forces.  It  is  not  for  us  to  prejudge  the 
event,  under  the  influence  of  prejudices  derived  from  the  observa- 
tion of  what  has  succeeded  or  failed,  here  or  abroad,  but  to  give 
both  experiments  a  fair  trial,  as  we  are  happily  in  a  position  to  do. 
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ANALYTICAL  CHEMISTRY. 
By  Elwyn  Waller,  Ph.D. 

Volatility  of  Salts, — Norton  and  Roth  (J.  Am.  Chem.  Soc.,  XIX. > 
155).  Bunsen's  mode  of  testing  was  applied,  which  consists  in  noting  the 
comparative  length  of  time  required  to  volatilize  o.oi  gm.  of  the  sub- 
stance from  the  loop  of  a  platinum  wire  held  in  the  hottest  part  of  a  Bun- 
sen  flame.  The  disappearance  of  color  is  very  decidedly  marked.  The 
results  were : 
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KBr               7. 

seconds 

KI                  5.5 

Na^B^O^  215.5 

NaF            104.5 

KF              39.S 

BaClg       1560.0 

Recovering  Platinum  front  Waste  Solutions, — Wiley  (J.  Am.  Che.m. 
Soc,  XIX.,  258).  Al  turnings  in  conjunction  with  HCl  have  been  used 
with  great  success.  After  all  Pt  has  been  precipitated  and  all  Al  dis- 
solved, the  Pt  black  must  be  digested  for  a  time  with  HNOg  to  remove 
the  Cu  which  is  usually  present  in  commercial  A  I. 

Sodium  Peroxide  as  a  Third  Group  Reagent, — Parr.  (J.  Am.  Chem. 
Soc,  XIX„  341).     When  added  in  excess  the  effects  are: 

Al  and  Zn  redissolved  as  aluminate  and  zincate.  Fe  precipitates  as 
dense  red  brown  precipitate,  almost  insoluble  in  HNO3,  carrying  no 
PjOg  with  it.  Mn  separates  as  MnOj  xHjO,  Co  in  similar  manner  as 
CojOgxHjO.  Ni  as  Ni(0H)2.  Boiling  this  precipitate  with  Br  water 
converts  it  to  NijOg  xHgO,  which  when  suspended  in  water  alone  de- 
composes KI  (without  addition  of  acid),  constituting  a  delicate  test  for 
Ni.     A  scheme  for  the  management  of  the  group  is  given. 

Alkametric  Solutions, — Sodium  oxalate  for  standardizing — Sorenson 
(Chem.  Ztg.  Rep.,  1896,  235).  Dissolve  the  commercial  article  in 
water,  render  slightly  alkaline  with  NaOH.  evaporate  and  crystallize  out. 
Recrystallize  and  dry  at  125°  to  150°.  The  salt  is  anhydrous  and  not 
hygroscopic  For  use,  weigh  out,  ignite  gently  to  NajCOg  and  dissolve. 
It  is  also  superior  to  H0C2O4  for  standardizing  permanganate. 

Standard  Oxalic  Acid  Solutions, — Preservation.  Fricke  (Chem.  Ztg.,. 
1897,  No.  26).  The  addition  of  i  gm.  H3BO3  per  litre  served  to  pre- 
serve dilute  solutions  of  HjCjO^.  The  preservative  is  without  action  on 
KgMngOg. 

Acidimetric  Standardization, — Worms.  (J.  Soc.  Phys.  Chim.,  Rus., 
XXVIII.,  432).  A  decime  solution  of  HCl,  the  strength  of  which  was 
determined  by  weighing  the  AgCl  precipitated  by  it,  was  tested  with  the 
following  results  per  100  cc: 
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I.  By  Weight  of  AgCl 0.365  gm.  HCl. 

II.  By  NajCO.  from  NaHCO,    i^-S'f  :  i°'^f 
-^2       8  8     i  dried  at  I  qo°  0.^62 


It 

t€ 

III.  By  oxalic  acid (Two  prep- 1  0.369        - 

^  (    arations.   )  0.367         '* 

IV.  By  borax (Two  prep-)  0.365         " 

^  i    arations.    J  o. 


tt 


367 
V.  Evaporation  to  dryness  with  NH^OH  and 

weighing 0.364 

All  the  salts  used  were  purified  by  repeated  recrystallizations.     Methyl 
orange  was  used  with  the  NajCOg  and  borax,  phenol  phthalein  with  the 
oxalic  acid.     Oxalic  acid  recrystaliized  from  a  solution  containing  2  per 
cent,  HCl  was  found  to  be  the  best. 
Preference  is  given  to  borax  as  a  material  for  standardizing. 

Caustic  Alkali  in  Presence  of  Carbonates. — Lunge  (Zts.  Augew. 
Chem.,  1897,  41).  A  comparison  of  three  methods  was  made,  a  by  gas 
volumetric  method,  b  by  direct  differential  titration,  using  phenol- 
phthalein  and  methyl  orange  indicators,  and  c  by  Winkler's  method. 
Titration  of  one  portion  with  methyl  orange  indicator  and  in  another 
portion  adding  BaCl2  and  then  titrating  with  phenol  phthalein  indicator, 
using  the  precaution  to  add  the  N/5  HCl  for  back  titration  very  gradu- 
ally. When  only  small  proportions  of  caibonate  were  present,  all  three 
methods  gave  identical  results.  When  more  of  the  alkali  was  present  as 
carbonate  than  as  caustic,  method  b  proved  incorrect,  while  the  others 
proved  correct. 

Alkalimetric  Carbonates  in  Lyes  and  Alkaline  Carbonates. — Kuster 
(Zts.  Anorg.  Chem.,  XIIL,  127).  An  elaborate  investigation  of  differ- 
ent methods.  The  conclusions  are :  i.  In  mixed  caustic  and  carbonate 
solutions,  Winkler's  method  with  BaClj  (phenol  phthalein  indicator) 
is  the  only  correct  one.  Total  alkali  can  be  determined  with  methyl 
orange  indicator. 

2.  Methyl  orange  is  colored  by  COg.  In  using  it  for  titrating  car- 
bonates one  should  titrate  to  a  *•  normal  color"  obtained  by  saturating 
a  water  solution  of  the  color  with  COj. 

3.  Phenol  phthalein  shows  color  in  dilute  bicarbonate  solutions.  The 
color  is  weakened  by  the  presence  of  Na  salts  of  stronger  acids,  and  is 
destroyed  by  considerable  excess  of  COj.  It  is  unsuited  for  the  accurate 
titration  of  solutions  containing  carbonates. 

4.  Many  of  the  phenomena  noted  are  in  accord  with  Arrhenius*  views 
of  the  ion  decomposition  of  salts. 

Potassium  Estimation. — Warren  (Chem.  News,  LXXV.,  256).  After 
precipitating  from  the  chloride  solution  by  PtCl^  the  aqueous  mixture  is 
evaporated  low,  and  then  double  its  volume  of  a  mixture  of  equal  parts 
of  amyl  alcohol  and  ether  are  added.  This  renders  the  precipitate  very 
dense;  after  washing  a  few  times  with  this  mixture  the  precipitate  is 
treated  with  5CC.  HCHO2  and  heated  to  boiling.  When  the  solution  has 
become  brown  a  slight  excess  of  ammonia  is  added.  On  boiling  again 
Pt  separates  in  dense  flocks  which  can  be  readily  Altered,  etc. 

Potassium  Determination. — Prager  (Chem.  Ztg.,  XX.,  269).  Correct 
results  can  be  obtained  by  Fresenius'  short  method,  if  slow  evaporation  is 
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effected  in  an  atmosphere  free  from  ammonia,  the  weighed  filter  well 
washed  with  alcohol  and  hot  water  previous  to  weighing  for  reception  of 
the  precipitate,  and  the  drying  is  effected  at  iio°.  Ruer  {ihid,^  p.  270) 
asserts  that  the  determinations  made  in  accordance  with  the  directions  of 
the  Stassfurth  syndicate  are  all  about  0.5  per  cent,  too  high.  They  pre- 
scribe drying  the  KjPtClg  for  20  minutes  at  130°  and  multiplying  its 
weight  by  0.3056  to  get  KCl.  He  finds  that  this  factor  is  only  correct 
after  drying  the  precipitate  at  130°  for  12  hours.  Drying  for  half  an 
hour  and  using  the  factor  0.304  gives  correct  results.  Bauer  (/^.,  p. 
270)  prefers  dissolving  the  precipitate  through  the  filter  (by  use  of  hot 
water)  into  a  weighed  capsule,  evaporating,  drying  at  120°  and  weighing, 
thereby  avoiding  double  weighing  of  the  filter,  possibility  of  reduction 
of  the  precipitate,  freeing  reduced  Pt,  etc. 

Calcium  Carbonate  and  Sulphate  in  White  Paint, — Thompson  fj.  Spc. 
C.  I.,  XV.,  791).  A  mixture  of  CaCOj  and  PbSO^  when  treated  with 
water  react  upon  one  another,  producing  CaSO^  and  PbCOg  It  was 
found  possible  to  determine  Ca  present  as  CaCOj  in  a  white  paint,  by 
treating  i  gm.  of  the  (dry)  pigment  in  the  cold  with  with  a  mixture  of  9 
parts  of  95  cent,  alcohol  with  one  part  of  cone.  HNO3  (Gr.  1.4).  The 
material  is  digested  20  minutes  with  some  of  this  mixture,  and  the  clear 
solution  decanted  off  through  a  filter.  This  operation  is  performed  four 
times.  The  material  is  then  filtered  and  washed  with  the  mixture,  and 
the  solution  evaporated  to  dryness,  adding  a  little  sulphuric  acid  to  de- 
stroy H2C2O4,  which  may  form  by  the  reaction  of  HNOg  on  alcohol. 
Cool,  take  up  with  water,  add  NH4OH  and  HC^HgOj,  pass  HjS  to  re- 
move Pb  and  Zn,  and  determine  CaO  in  the  filtrate  by  use  of  oxalate. 
The  CaO  thus  found  is  that  present  as  CaCOj.  Deducting  from  total 
CaO  we  obtain  that  present  as  CaSO^. 

Separation  of  Barium^  Strontium  and  Calcium Rawson  (J.  S.  C.  I., 

XVL,  113).  Ba(N03)2  and  Sr(N08)2  ^^^  \^'^  insoluble  in  concen- 
trated HNOg,  while  Ca(N0g)2  is  soluble.  The  carbonates  are  dissolved 
in  HNOg  evaporated  to  dryness  on  the  water  bath,  cone  HNOg  (Gr. 
1.44  or  higher)  is  added  and  the  mixture  well  stirred.  After  filtration 
the  residual  nitrates  are  dissolved  in  water,  and  fia  separated  as  chromate, 
the  usual  necessary  conditions  being  obtained. 

Alumina  and  Ferric  Oxide  in  Phosphates. — Thompson  (J.  Soc.  C.  I., 
XV.,  868).  The  acetate  process  affords  erroneous  results  because  the 
NH^CjHgOj  causes  a  decomposition  of  the  acid  calcium  phosphates,  a 
portion  of  the  CaO  as  phosphate  accompanying  the  precipitate  (of 
Al2(P04)2  and  Fe2(P04)2).  If,  however,  the  cold  HCl  solution  of  a 
mineral  phosphate  is  carefully  neutralized  with  NH^OH,  until  it  is 
neutral  or  faintly  acid  to  lacmoid  paper,  the  whole  of  the  Al2(P04)2  and 
Fe2(P04)2  will  precipitate  free  from  Ca  salt. 

Washing  the  precipitate  with  dilute  NH^CjHgOj  solution  decomposes 
the  precipitate,  rendering  it  basic.  Washing  with  a  i  per  cent,  solution 
ofNH^NOg  containing  0.2  percent.  NH^HgPO^  per  litre  avoids  this 
difficulty. 

Basic  Acetate  Precipitations  (^Ferric). — Brearley  (Chera.  News, 
LXXV.,  253).  Some  experiments  are  recorded  which  have  been  made 
with  a  view  to  determine  within   what  limits  the  amount   of  alkaline 
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acetate  may  be  advantageously  confined.  In  neutralizing  closely,  some 
Fe2(0H)g  is  formed,  which  dissolves  in  the  FejClg  remaining,  and  only 
so  much  acetate  is  required  as  will  suffice  to  react  with  the  Fe  remaining 
as  chloride  and  release  the  FegCOH)^. 

Hydrogen  Peroxide  in  Titrating  Iron Ross  (Chem.  News,  LXXV., 

81).  After  reducing  a  ferric  solution,  an  excess  of  KjCrgO^  may  be 
added,  and  the  excess  of  the  latter  determined  by  shaking  up  in  a  closed 
flask  connected  with  an  eudiometer  in  which  the  volume  of  O  evolved 
may  be  read  off.  All  of  the  O  is  not  set  free  until  about  five  minutes 
have  elapsed.     The  reactions  are  given  as  : 

K3Cr207+H202+H2S04=K2S04+2H20+Cr207 

Cr2O7+3H2SO4+4H2O2=Cr2(SO03+7H2O+O,. 

PJwsphides  of  Chromium  and  Manganese. — Granger  (Abstr.  Chem. 
News,  LXXV.,  95),  The  substance  in  fine  powder  is  fused  with  KOH, 
the  temperature  being  gradually  raised  to  dull  redness,  and  there  main- 
tained for  i^  hours.  After  cooling,  the  mass  is  dissolved  in  boiling 
water.  For  the  Cr  compound,  acidify  with  HNO3,  precipitate  by 
molybdate,  and  in  the  filtrate,  reduce  to  Cr203,  and  precipitate  twice  to 
purify  the  CrjOg. 

For  the  Mn  compound,  acidify  with  HCl,  neutralize  with  NH4OH, 
and  add  (NH4)2S.  Evaporate  to  dryness,  add  more  (NH4)2S,  and 
water,  filter 'off  MnS,  etc.  The  precipitate  may  serve  for  determination 
of  Mn,  the  filtrate  for  P2O5. 

Titanic  Acid. — Morgan  (C.  N.,  LXXV.,  134).  The  methods  de- 
scribed by  Blair,  and  by  Arnold,  in  their  respective  books  on  steel  analy- 
sis, etc.,  are  combined.  The  Ti02  is  precipitated  by  (NH4)2  HPO4, 
an  excess  of  the  precipitant  being  kept  in  the  solution  when  filtering. 
The  preciptate  is  dissolved  in  HCl,  the  solution  evaporated  to  hard  dry- 
ness (baked).  After  treating  with  HCl,  the  insoluble  residue  is  filtered 
off  and  fused  with  ten  times  its  weight  of  K2C03(Na2C08?).  After  ex- 
tracting with  a  little  water,  the  insoluble  portion  is  fused  with  KHSO4, 
dissolved  in  to  cc.  HCl  and  50  cc.  SO2  solution,  and  pure  Ti02  pre- 
cipitated by  adding  20  gms.  NaCjHgOg,  one-sixth  the  volume  of 
HC2H3O2,  and  boiling  for  a  few  minutes. 

Volumetric  for  Nickel, — Examination  of  Methods.  Goutal  (Ann.  de 
Chim.  Analyt.  L,  305).  The  conclusions  are:  i.  The  Br  and  KCy 
method  indicated  by  Mohr  and  recommended  by  Carnot  is  simple  and 
accurate  when  sensible  quantities  of  Ni  are  present.  2.  Moore's  KCy 
titration  is  especially  useful  in  cases  of  low  percentages  of  Ni.  Good  re- 
sults are  obtained  if  the  AgN03  in  the  solution  is  varied  inversely  in  pro- 
portion to  the  amounts  of  Ni  in  the  substance.  Co,  Mn,  Cu,  Zn  and 
Fe  should  not  be  present.  The  conditions  necessary  are  a  slightly  alka- 
line solution,  not  too  much  NH4  salts,  and  a  temperature  not  over 
20*^  C.  3.  The  phosphate,  molybdate  and  nitroso-naphthol  methods  are 
more  difficult  and  slower,  but  are  accurate  in  experienced  hands.  4. 
Other  methods  are  less  accurate  and  apparently  not  superior  to  gravi- 
metric methods. 

Separating  Nickel  from  Cobalt^  Iron^  etc. — Pinerua  (Chem.  News, 
LXXV.,  193).     The  method  is  based  on  the  insolubility  of  NiCl2  in 
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■ether  when  saturated  with  HCl  at  a  low  temperature.  The  hydrated 
chlorides  (0.3  to  0.4  gm.)  are  dissolved  in  the  smallest  possible  quantity 
of  water,  and  10  to  12  cc.  of  fuming  HCl  added,  then  10  cc.  of  ordinary 
ether.  The  mixture  is  well  shaken,  and  anhydrous  HCl  passed  into 
saturation,  the  tube  in  which  the  mixture  is  contained  being  surrounded 
by  melting  ice.  Ni  separates  as  yellow  NiClj,  CoClj  remaining  in  so- 
lution (blue);  if  Fe  is  present  the  solution  will  be  green.  The  precipitate 
is  washed  by  decantation  with  ether  saturated  with  HCl,  then  washed  on 
the  filter  with  the  same.  It  may  then  be  dissolved  in  water  and  estimated 
by  well  known  methods.  For  the  complete  separation  from  Fe  the 
operation  must  be  repeated  several  times.  AICI3  is  also  insoluble  in 
^ther  saturated  with  HCl,  and  the  method  may  ht  used  to  separate  Al 
from  Co  in  the  same  manner. 

Nickel  and  Zinc  as  Phosphates, — Clark  (J.  Soc.  C.  I.,  XV.,  866)- 
Dirveirs  method  of  determining  Co.  by  precipitating  as  CoNH^PO^  in 
NH4OH  solution  is  effective,  provided  the  Co  is  all  in  the  cobaltous 
state.  To  separate  Ni  in  presence  of  Co  add  to  a  solution  containing 
both  as  chlorides,  10  times  as  much  (NH4)2HP04  as  will  suffice  to  com- 
bine with  them,  heat  with  HCl  and  an  excess  of  Br.  Supersaturate  with 
NH4OH,  add  a  little  HgOj  to  insure  oxidation  of  Co,  cool,  render  just 
neutral  with  HCl,  add  20  cc.  of  alcohol  and  allow  to  stand,  pale  green 
NiNH^PO^  separates.  Wash  with  dilute  alcohol,  ignite  and  weigh 
NigPaO^. 

ZnNH4P04  can  be  brought  down  quickly  and  completely  by  neutral- 
izing exactly  in  the  same  manner. 

Determining  Zinc  as  ZnS. — Aston  and  Newton  (C.  N.,  LXXV.,  133). 
Mixing  ZnO  with  S  and  igniting  in  a  current  of  H  gas  is  a  method  men- 
tioned by  Fresenius.  The  authors  find  that  ZnO  from  the  nitrate  treated 
in  this  way  affords  much  less  than  the  theoretical  amount  of  product,  at 
l)est  about  96  per  cent,  after  repeated  treatments.  ZnO  from  ZnS, 
ZnCOg  or  ZnS04  gave  theoretical  results. 

Volumetric  for  Zinc Dementief  (J.  Soc.  Phys.  Chem.  Russ.,  XXVIII., 

222).  Add  to  the  solution  of  Zn  an  excess  of  NaOH,  sufficient  to  redis- 
solve  the  Zn(0H)2.  Then  divide  the  solution  exactly  in  halves.  In 
one  half  titrate  with  standard  acid  and  tropaeolin  00  indicator.  This 
gives  both  Zn(0H)2  and  NaOH.  In  the  other  half  titrate  with  standard 
acid  and  phenol  phthalein,  which  gives  only  the  NaOH.  The  difference 
js  the  measure  of  the  Zn(0H)2  present. 

Zinc  Dust, — Wahl  (J.  Soc.  Ch.  Ind.,  XVI.,  15).  A  weighed  quantity 
of  the  dust  is  suspended  in  a  little  cold  water  in  a  flask  and  Fe2(S04)s 
added  (no  free  acid).  In  a  short  time  the  reaction  occurs  with  evolution 
of  heat,  after  which  acidification  with  H2SO4  and  titration  will  serve  to 
complete  the  test.  In  the  discussion  it  was  stated  that  the  method  was 
not  new,  and  in  case  the  Zn  dust  were  adulterated  with  iron  filings  it  was 
utterly  fallacious. 

Separating  Tungsten  from  Titanium, — Defacqz  (C.  Rend,,  CXXIII., 
823).  Ignite  at  dull  red  heat  with  8  parts  KNO3  and  2  parts  Kg  CO  3 
for  20  to  30  minutes.  Leach  out  with  water,  finally  wash  on  a  filter  with 
NH4NO3  solution.  W  is  estimated  in  the  filtrate  by  Hg(N03)2,  while 
the  residue  (containing  Ti)  is  fused  with  KHSO4  and  managed  as  usual. 
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Separation  of  Silicic  and  Tungstic  Acids, — De  Beuneville  (J.  Ara. 
Chem.  Soc,  XIX.,  377).  Treatment  with  ammonia  even  after  ignition 
will  dissolve  some  SiOg.  Volatilizing  the  SiOj  by  use  of  HF  and 
H2SO4,  as  recommended  by  Professor  Arnold,  is  the  best  method.  The 
results  of  a  number  of  experiments  are  given  to  illustrate  the  point. 

Commercial  Thorium  Nitrate. — Fresenius  and  Hinz  (Fres.  Zts.  Anal. 
Chem.,  XXXV.,  525;.  20  gms.  were  dissolved  in  water.  After  dilution 
to  3  litres,  the  solution  was  precipitated  hot  with  NagSgOj.  The  precipi- 
tate was  dissolved  in  HCl.  The  residue  was  ignited,  fused  with  KHSO4, 
dissolved  in  dilute  HCl  and  precipitated  with  ammonia.  This  precipi- 
tate was  dissolved  in  HCl  and  added  to  the  main  solution,  which  after 
large  dilution  was  again  precipitated  with  NagSgOg.  The  filtrates  from 
both  operations  were  precipitated  by  ammonia,  washed,  dissolved  in  HCl 
and  evaporated.  The  residue  was  taken  up  with  water,  and  a  few  drops 
of  HCl,  and  precipitated  twice  with  NajSjOg.  The  combined  filtrates 
were  precipitated  by  ammonia,  dissolved  in  HNO3.  After  repeating  this 
process  the  ammonia  precipitate  was  dissolved  in  HNO3  evaporated  to 
dryness,  and  the  portion  soluble  in  water  precipitated  by  H2C2O4.  The 
precipitate  contained  Ce,  Yt  and  NdCLa).  Fused  with  KHSO4  precipi- 
tated with  ammonia,  dissolved  in  HCl  nearly  neutralized  with  NagCOgi 
added  NaCgHgOj  and  HCjHgOa,  then  NaClO  and  boiled,  dissolved  the 
precipitate  in  HCl  and  repealed,  then  dissolved  in  HCl  precipitated  by 
ammonia  weighed  CeOs. 

The  filtrates  (containing  Yt,  Nd  and  La)  were  acidified  with  HCl, 
boiled,  and  precipitated  with  ammonia,  and  this  dissolved  in  HO. 
After  evaporating  to  dryness  it  was  taken  up  with  a  few  drops  of  water, 
and  a  saturated  solution  of  K2SO4  added.  After  long  standing,  the  Nd 
and  La  compounds  were  filtered  off,  washed  with  K2SO4  solution,  and  in 
the  filtrate  Yt  precipitated  twice  by  ammonia,  ignited  and  weiffhed. 

The  K2SO4  precipitate  was  dissolved  in  HCl,  precipitatea  with  am- 
monia, redissolved,  and  precipitated  by  H2C2O4,  washed,  ignited  and 
weighed. 

Separating  Thoria  from  Zirconia,  —  Delafontaine  (Chem.  News, 
LXXV.,  230).  Fusing  the  material  (ore  or  oxides)  with  twice  its  weight 
of  KHF2  affords  Y>.^xY ^  soluble  in  boiling  water  containing  a  little 
(few  drops)  of  HF.  The  insoluble  portion  decomposed  by  H 2 SO 4  and 
ignited  at  below  red  heat  gives  the  Ce  Th,  etc. ,  as  sulphates,  which  can 
be  separated  by  the  oxalate  treatment. 

Molybdic  Acid  by  lodometric  Method, — Gooch  and  Fairbanks  (Zts. 
Anorg.  Chem.,  XIIL,  10 1).  In  an  HCl  solution  addition  of  KI  and 
heating  gives  the  reaction : 

2Mo08+4HI=2Mo02l+l2+2H20 

Distilling  over  the  I  and  titrating  the  same  with  standard  Na2S203, 
can  be  made  to  give  correct  indications,  if  for  0.2  to  0.4  gm.  M0O3,  the 
original  volume  of  40  cc.  is  boiled  down  to  25  cc.  in  an  atmosphere  of 
COg,  not  over  0.5  gm.  excess  of  KI  is  used.  In  the  cold  the  M0O3  re- 
oxidizes  in  contact  with  I  solution.  It  was  found  that  this  re-oxidation 
could  be  measured,  and  the  work  conducted  in  a  flask  only  partially 
closed  by  placing  a  CaClj  tube  in  the  throat.     The  charge  should  be: 
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MoOg  O.I  to  0.3  gm.,  KI  0.5  gm.  HjO  .20  cc.,  HCl  (cone.)  20  cc. 
This  is  boiled  down  to  25  cc,  then  diluted,  about  i  gm.  H2C4H40^ 
added,  and  then  an  excess  of  normal  I  solution.  The  solution  is  then 
placed  in  a  flask  provided  with  a  stopcock  funnel,  and  connected  with  a 
Will-Varentrapp  bulb  containing  KI  solution.  Through  the  stopcock 
funnel  is  added  a  little  NaOH,  the  neutralization  is  finished  with 
NaHCOj,  and  after  standing  for  an  hour  or  two,  the  excess  of  I  re- 
maining may  be  titrated. 

This  method  can  be  applied  to  the  "yellow  precipitate,"  obtained  in 
phosphoric  acid  determinations  (24JVlo03P205.3{NH4)20,2H20).  (ib 
p.  117.) 

Selenium- Gravimetric  Determination, — A.  W.  Pierce  (Zts.  Anorg. 
Chem.  XII.,  409).  In  a  solution  containing  selenates,  acidifying  with 
HCl,  adding  KI  and  boiling  10  minutes  separated  all  the  Se  in  the  ele- 
mental form.  This  was  filtered  on  a  weighed  filter  of  asbestos,  dried  at 
100°  and  weighed.  With  small  amounts  of  Se  correct  results  were  ob- 
tained, with  over  0.2  gm.  of  Se;  the  gravimetric  determination  showed  too 
high,  whereas  the  determination  of  the  I  liberated  showed  too  low  re- 
sults. KI  was  evidently  held  by  the  precipitate.  When,  however,  the  solu- 
tion was  diluted  to  400  cc.  before  acidifying  with  HCl,  3  gms.  KI 
added,  and  the  solution  boiled  for  10  to  20  minutes,  correct  results  were 
obtained  when  over  0.4  gm.  Se  was  present. 

Monazite  Sand, — Analytical  experiments.  Glaser  (J.  Am.  Chem.  Soc. 
XVIII.).  Fusion  with  alkaline  carbonates  as  recommended  by  Wohler 
failed  to  render  the  TiOj  extractable  by  water.  P20g,  AI2O3  and  much 
of  the  Si02  could  be  extracted  by  this  means.  The  portion  insoluble  in 
water  could  be  rendered  soluble  by  digestion  with  cone.  H2SO4  or 
fusion  with  KHSO4.  Addition  of  Nag  SO  3,  boiling  for  some  time,  and 
passing  HgS  first  through  the  hot,  and  then  through  the  cold  solution, 
was  effective  in  separating  TiOg. 

In  separating  Th  and  metali  of  the  Ce  group  by  (NH4)2C204  the 
solution  must  not  be  too  acid.  Also,  a  considerable  excess  of  the  re- 
agent should  be  used  to  keep  Zr  in  solution.  Th(C 204)2  separates  on 
cooling,  but  this  property  is  not  effective  in  separating  Th  from  the  Ce 
group.  Boiling  the  sulphates  after  addition  of  Na2S208  also  gave  an 
incomplete  separation,  though  the  Th02  thus  obtained  was  quite  pure. 

Separation  of  Ce  by  fractional  precipitation  with  weak  ammonia  was 
also  ineffective. 

A  portion  of  a  Welsbach  mantle  was  examined  by  boiling  with  H2SO4 
and  fusing  the  portion  remaining  with  KHSO4.  The  solutions  thus  ob- 
tained were  treated  separately  by  the  same  method,  nearly  neutraliz- 
ing with  ammonia,  adding  hot  solution  of  (NH4)2C204  to  the  boil- 
ing solution,  cooling  and  filtering.  The  precipitates  consisting  of 
Th(C204)2  were  ignited  and  weighed.  In  the  filtrates  Zr(02H)4  was 
precipitated  out  with  ammonia,  redissolved  in  HCl  and  reprecipitated. 
The  action  of  the  H2SO4  appeared  to  have  effected  a  partial  separation. 

A  solution  containing  rh(S04)2  ^^^  sulphates  of  the  cerium  metals, 
when  treated  boiling  hot  with  (NH4)2C204  and  NH4C2H3O2,  gave  a 
precipitate  containing  no  Th,  and  in  the  filtrate  the  Th  was  separable  by 
use  of  NaOH.  It  is  noted  that  when  acetate  has  been  used,  the 
Th(C204)2  obtained,  when  dissolved  in  a  mineral  acid,  cannot  again  be 
precipitated  completely  by  (NH4)2C204. 
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The  pi  n  of  analysis  in  scheme  form  is  as  follows  : 

Determine  TiOg  and  SiOg  on  a  separate  portion. 

Pulverize  finely,  dissolve  by  prolonged  heating  with  cone.  HjSO^  (or 
fusion  with  KHSO^).  Evaporate  down  to  remove  SiOj,  pour  slowly  into 
ice  cold  water. 

Res.  A.  SiOji  Ta,  traces  of  Ti,  Th 
and  Zr.  Remove  SiOj  by  HF  and 
H2SO4. 


Res.  Ta. 


I   Sol.  add  to  Sol.  A.      filter. 


Sol.  A.  Pass  HjS  first  when 
boiling,  afterward  cold. 
Allow  to  settle  and  then 


Cu,  etc.,  and  mem- 
bers of  Gr.  V. 


Sol.  B.  Boil  out  HjS,  nearly  neutralize  with 
NH4OH.  To  the  boiling  solution  add  excess  of 
(NH4)3C204  (hot  solution  100  cc.  for  every  2 
gms.  of  mineral).     Cool  over  night. 

Ppt.     C.    Th  and    Ce   metals.  \      Sol.  C,  Add  NH^OH. 

Ppt  E.  Dry,  ignite, 
fuse  with  NaKCOg,  dis- 
solve in  hot  water,  fil- 
ter. I  Sol.  F,  add  to  Sol.  E. 


Ignite  to  oxides,  convert  to  sul- 
phates, nearly  neutralize  with 
NH4OH.  Boil  and  add  excess  of 
(NH4)2C204,  after  a  time  (be- 
fore cooling)  add  a  few  cc.  of 
NH^CjHjOj.  Cool  over  night, 
filter. 


Sol.  E. 
AljOg, 


Ppt.  D.  Ce  metals. 
Dissolve,  precipitate  by 
NaOH,  while  precipitate 
is  fresh,  pass  CI  gas  to 
separate  Ce  from  La  and 
Di. 


SoLD, 
Th, 

Precipi- 
tate by 
excess 
of 

NH4OH 


Sol.  /=Be 


Res.  F.  Dissolve  in  Ho  SO.,  add 
NH4OH. 

Ppt.  G.  Dissolve  in  dilute  HCl. 
Nearly   neutralize    with    NH^OH. 

Pour  slowly  into  Sol  G.  for  CuO. 

a    mixture    of    (NH4)2C03     and 
(NH4)2S  solutions. 

Fe^Mn^Al    i    ^^'  ^'  ^^'  ^^'  ^• 
^^"/_:„' Acidify  with  HCl,  boil 

out  COj,  cool,  add  excess  of  NaOH. 

Ppt.  I.  Zr  and  Yt 
Dissolve  in  HCl, warm, 
add  Na2S04,  cool. 
When  cold  Zr  sepa- 
rates. From  solution 
precipitate  Y  t  by 
NH4OH.  Redissolve 
and  reprecipitate  to 
purify. 

Electrolytic  Determination  of  Cadmium. — Avery  and  Dales  (J.  Am. 
Chem.  Soc,  XIX.,  379).  Excellent  results  were  obtained  by  using  a 
formate  solution.  Not  over  o.i  gm.  of  the  metal  should  be  present  in  150 
cc.  of  the  solution.  This  amount  of  metal  should  be  deposited  on  not 
less  than  too  sq.  cm.  of  surface.  Voltage  should  not  exceed  3.4  and 
amperage  0.15  to  0.20.  If  these  conditions  are  rigidly  maintained  the 
results  are  better  than  by  any  other  method  tried. 

Lec^  in  ores Meade  (J.  Am.  Chem.  Soc,  XIX.,  374).     Weigh  i 

gm.  (more  if  poor)  of  the  ore  in  a  Pt  dish  covered  with  a  watch  glass. 
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Add  40  to  50  cc.  of  a  mixture  of  cone.  H2SO4  and  HNOg  (1:3).  Heat 
until  all  action  has  ceased.  Remove  the  cover,  rinse  it  ofl,  add  10  to  15 
cc.  HF  and  evaporate  until  dense  fumes  of  SO3  come  off;  cool,  dilute  to 
about  100  cc,  digest  until  all  soluble  salts  are  in  solution,  filter  and  wash 
first  with  2  per  cent  HjSO^,  then  with  alcohol.  Dry,  ignite  and  weigh, 
using  the  usual  precautions.     Ba,  Sr  and  Ca  may  cause  erroneous  results. 

Mercury  in  Ammonio- Mercuric  Chloride, — Thompson  (Chem.  and 
Drugt.  L.,  234).  Estimation  of  the  Hg  in  metallic  form  gave  low  re- 
■sults  from  loss  of  Hg  in  drying.  Excellent  results  were  obtained  by  dis- 
solving in  HCl  and  adding  acidified  solution  of  potassium  hypophos- 
phiie  (K  H2PO2),  Hg2Cl2  is  almost  immediately  precipitated.  After 
standing  12  hours  the  precipitate  is  filtered  off,  dried  at  100°  and 
weighed. 

Gold  and  Silver  in  Ores, — Truchot  (Ann.  Chem  Anal.,  App.  I.,  365). 
Roast  100  to  200  gms.  of  the  pulverized  ore,  and  then  digest  30  hours 
with  Br  water.  In  the  filtrate  separate  Au  by  FeS04,  and  extract  Ag- 
Br  from  the  residue  by  hot  cone.  NH4CI. 

ArseniC'Volumetric  method. — Szarvasy  (Berichte,  XXIX.,  2,900). 
ASjSg  or  AsgSg  after  precipitation  is  filtered  through  an  asbestos  plug 
in  a  piece  of  combustion  tubing.  After  washing  with  water,  alcohol  and 
ether,  the  contents  of  the  tube  is  thoroughly  dried  in  a  current  of  COj. 
Then  a  plug  of  glass-wool  is  forced  in  to  within  about  5  cm.  of  the  pre- 
cipitate. A  current  of  O  is  then  parsed  through  the  tube  and  a  spot 
about  midway  between  the  plugs  is  heated  to  dull  redness.  Maintaining 
the  heat  at  that  point,  the  precipitate  is  gently  and  gradually  heated  with 
another  flame  so  as  to  oxidize  the  precipitate.  AsjOg  deposits  on  the 
walls  of  the  tube  beyond  the  first  flame,  the  small  amounts  which  would 
otherwise  escape  being  caught  by  the  glass-wool  plug.  If  the  sublimate 
has  the  least  tinge  of  yellow  the  operation  has  been  too  much  hastened 
and  some  sulphide  has  escaped  exidization.  In  that  case  one  may  tem- 
porarily reverse  the  current  of  O  and  drive  the  whole  back  to  be  oxidized 
over  again.  When  the  oxidization  is  terminated,  drive  out  the  SOj  re- 
maining with  a  current  of  air,  dissolve  the  AS2O3  through  the  asbestos 
plug  by  use  of  NaOH  solution,  rinse  out,  acidify  with  HCl,  add  NaH- 
COg,  and  titrate  iodmetrically.  With  orpiment,  realgar,  etc.,  the  S  may 
be  simultaneously  determined  by  passing  the  SO 2  formed  during  the  oxi- 
dation into  Br  solution  and  manipulating  by  well  known  methods. 

Platinum  sulphide, — Antony  and  Luechesi  (Gazz.  Chim.  Ital.  XXVI., 
218),  HjS  reacting  with  HjPtCl^  solution  when  heated  to  90°  precipi- 
tates all  the  Pt  as  sulphide.  At  ordinary  temperatures  the  precipitation 
is  not  complete.  A  precipitate  of  variable  composition  containing  prob- 
ably Pt(HS)4  separates,  and  a  colloidal  sulphide  also  forms. 

At  ordinary  temperatures  in  very  dilute  solutions  a  sulphide  entirely 
colloidal  is  formed. 

Formaldehyd  as  a  reagent  with  oxidized  Halogens. — Griitzner  (Arch. 
Pharm.  CCXXXIV.,  634).  Adding  AgNOj  and  formaldehyd  to  a  solu- 
tion of  KCIO3  and  then  acidifying  with  HNO3  gives  the  reaction; 
HC103+3CH20+AgN03  =  3CH202+AgCl.fHN03. 

The  action  is  hastened  by  warming. 
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HBrOg  reacts  in  a  corresponding  manner,  but  requires  long  heating. 
HIO3  is  not  reduced.     HCIO4  and  HIO4  are  but  slightly  affected. 

Separating  Chlorine  and  Bromine. — Baubigny  and  Rivals  (C.  Rend  • 
CXXIV.,  No.  16).  The  action  of  KgMnjOg  on  iodides  (conversion  to 
iodate  in  neutral  or  alkaline  solution)  is  utilized  in  analytical  work. 
Bromides  or  chlorides  are  unaffected.  If,  however,  CUSO4  solution  is 
added  to  a  solution  of  mixed  bromide  and  chloride  containing  K2Mn20g 
a  similar  action  occurs  with  the  Br,  and  in  the  remaining  liquid  (after 
standing)  the  CI  can  ht  estimated  alone  by  AgNOj. 

Analysis  of  Iodides. — Gooch  and  Walker  (Am.  J.  Sci.  [4]  III.,  No.  16) 
addition  of  HIO3  (or  alkaline  iodate  and  HgSO^)  gives  the  reaction: 
HI03  +  5HIs=6I+3H20,  in  which  one-sixth  of  the  I  set  free  (esti- 
mated by  NagSgOg,  etc.)  is  due  to  iodide.  The  method  works  well 
when  bromides  or  chlorides  are  not  present.  When  these  are  present 
they  react  with  the  HIO3  in  a  similar  manner  to  that  above  and  give 
high  results. 

Properties  of  some  Metallic  Sulphates. — Caven  and  Hill  (J.  Soc.  Ch. 
Ind.,  XVI.,  29).  AIPO4,  like  FePO^,  is  slowly  h^drolyzed  by  water. 
It  is  soluble  in  solutions  of  Al  salts,  to  some  extent  even  at  the  boiling 
temperature.  Its  solution  in  alkaline  hydrates  is  partially  reprecipitated 
by  addition  of  NH4CI.  The  compound  is  soluble  in  HCjHgOg  in  the 
cold,  and  reprecipitated  by  boiling,  but  is  not  precipitated  by  NH^CgHj 
O2  in  the  cold.  The  properties  of  CrPO^  are  almost  precisely  the  same. 
Cug(P04)2  was  found  also  to  be  hydrolyzed  by  water.  The  phenome- 
non is  accompanied  with  a  change  of  color  in  the  precipitate,  from  sky 
blue  to  light  grass  green.  The  compound  is  completely  hydrolyzed  by 
KOH  solution.  BiPO^,  like  the  former,  was  found  to  be  soluble  in  solu- 
tions of  salts  of  the  metal.  It  was  partially  hydrolyzed  by  KOH,  but  not 
at  all  by  water.  Pbg  (P04)2  is  not  soluble  in  excess  of  Pb  salts.  As  to 
hydrolyzatiou,  it  appeared  similar  to  Bi. 

Phosphorus  by  lodometric  Method, — Fairbanks,  see  "  Molybdic  acid 
by  iodometric  method." 

Insoluble  Phosphorus  in  Iron-ores, — Mixer  and  Dubois  (Am.  Inst. 
Min.  Eng.,  Chicago  meeting,  Feb.,  1897).  Some  iron  ores  contain 
phosphates  not  extracted  by  treatment  with  acid.  Calcining  with 
limited  amount  of  Na2C03,  or  of  MgO,  were  successful  in  rendering  this 
soluble,  but  rendered  the  determination  slow.  The  most  rapid  method 
found  also  to  be  accurate  consisted  in  calcining  without  addition.  Treat 
about  1.5  gms.  of  the  ore  with  25  cc.  HCl  (Gr.  i.i).  Evaporate  to  a 
syrup.  Dilute  and  filter.  Burn  the  filter  in  a  crucible,  break  up  and 
ignite  at  red  heat  for  2  minutes,  add  water  and  acid,  boil  5  minutes  and 
then  filter  off. 

Soluble  Phosphates  in  Fertilizers. — Stock  (J.  S.  C.  I.,  XVI.,  107). 
20  to  30  gms.  of  the  well  mixed  fertilizer  are  put  into  a  strong  bottle,  and 
2  to  3  litres  of  water  added;  after  thorough  shaking,  several  glass 
marbles  are  put  in,  and  after  stoppering  the  bottle  is  swung  to  and  fro  in 
a  horizontal  position  for  2  or  3  hours.  After  settling  an  aliquot  portion 
of  the  solution  is  taken  for  analysis. 
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Phosphates  in  Water. — Lepierre  (Ball.  Soc.  Chim.,  XVI.,  1213). 
The  Brussels  congress  fixed  the  limit  at  0.0005  gm.  P2O5  per  litre.  De- 
ter iiii  nations  by  weighing  the  yellow  precipitate  as  usually  recommended 
are  erroneous,  the  yellow  precipitate  being  soluble  to  thi  extent  of  0.02 
to  o  06  gm.  per  100  cc.  A  colorimetric  method  is  recommended.  The 
standards  are  made  by  dissolving  0.075  %^'  of  NH4,Na,H,P04,4H20in 
one  litre  (equivalent  practically  to  0.025  g"^-  ^2^5)'  ^  ^^^  of  standards 
are  then  made  in  comparison  tubes  containing  0.2,  0.4,  0.8,  1.2,  1.6,  2, 
4,  8,  12,  etc  ,  cc.  in  50  cc.  and  to  each  of  these  is  added  2  cc.  of  molyb- 
date  mixture.  This  affords  a  yellow  color  scale,  the  deplh  of  tint  being 
proportional  to  the  amount  of  P2O5  present.  When  protected  from 
evaporation  these  standards  will  keep  for  a  long  time. 

To  apply  to  water,  evaporate  i  litre  in  platinum,  add  HNOg,  and 
evaporate  to  remove  SiOj.  Repeat  evaporation  with  HNO3.  Take  up 
with  dilute  HNOg,  pour  into  a  comparison  tube,  dilute  with  washings  to 
50  cc,  add  2  cc.  of  molybdate  mixture,  mix  and  compare  after  a  few 
minutes.  The  P2O5  gives  its  maximum  color  almost  immediately;  SiO,, 
if  present  in  solution,  gives  a  coloration  which  deepens  slowly,  and  then 
slowly  pales.  For  equal  amounts  the  Si02  color  is  deeper  than  that 
from  P2O5. 

Phosphor  Bronze, — Wickhorst  (J.  Am.  Chem.  Soc,  XIX  ,  396). 
For  P  dissolve  i  gm.  in  15  cc.  HNO3  and  5cc  HCl,  dilute,  add  excess 
of  ammonia,  pass  HjS  filter  and  in  the  filtrate  precipitate  with  Mg  solu- 
tion as  usual.  Wash  the  precipitate  with  dilute  NH3  solution  containing 
a  little  (NH4)2S.  Redissolve  in  dilute  HCl  and  reprecipitate  with  am- 
monia. 

Complete  analysis, — Treat  0.5  gm.  with  5  cc  HNO3  and  heat.  When 
the  reaction  is  over  rub  the  residue  with  a  rod,  add  water  and  filter, 
washing  with  dilute  HNO3.  Heat  the  precipitate  and  filter  slowly  up  to 
strong  ignition,  weigh  Sa02-fP205.  P'use  this  with  0.5  gm.  NajCOj 
and  I  gm.  S  (crucible  covered)  over  a  Bjnsen  burner,  till  excess  of  S  is 
driven  off.  Cool,  leach  out  with  water,  add  ammonia,  then  i  gm.  HCl 
and  precipitate  cold  with  Mg  mixture.  Filter,  dissolve  in  HCl  and  re- 
precipitate. 

A  little  PjOg  miy  not  remain  with  the  SnOj.  In  a  duplicate  sample, 
treated  in  tne  same  wjiy,  the  P2O5  may  bj  determine  1  by  molybdate 
separation. 

In  the  filtrate  from  the  above,  nearly  neutralize  with  ammonia,  add  5 
cc.  HMOg,  dilute  to  150  cc.  and  separate  Cu  by  electrolysis.  Pb  is  also 
determined  as  PbOg  on  the  other  pole,  in  this  operation.  In  the  solution 
separate  Fe  and  Zn  by  precipitating  both  with  NH^OH  and  (NH4)2S 
Ignite  rather  cautiously  at  first,  finally  strongly  to  get  a  mixture  of  ZnO 
and  FejOg.  Dissolve  in  HCl,  precipitate  with  ammonia  and  obtain  Fe^ 
O3  ;  deduct  from  the  weight  of  the  two  together  to  get  ZnO. 

Boric  A:id. — Schneider  (Chem.  Ztg.,  XX.,  822).  The  material  is 
extracted  with  absolute  alcjhol  under  a  refl.ix  conienser,  the  solution 
cooled  and  filtered.  (Ri.v  m^ats,  eic,  may  be  extracted  in  a  covered 
beaker  011  a  water  bath,  then  aihyJrous  NajSO^  added  to  absorb  water 
and  again  extracted.)  Tne  solution  is  distilled  fro.n  a  flask  deeply  im- 
mersed in  the  water  of  a  water  bath,  the  alcohol  carrying  over  the  ^^O^ 
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with  it.  Then  add  the  distillate  gradually  to  a  solution  of  a  weighed 
amount  of  fused  NijCOg,  evaporate  to  dryness,  ignite  and  weigh.  From 
the  diflFerence  of  weights  calculate  BjOg. 

Boric  Acid, — De  Koningh  (J.Am.  Chem.  Soc,  XIX.,  385).  Boiling 
a  solution  of  strength  of  2  gms.  B2O3  in  one  litre  when  boiled  showed 
practically  no  loss  of  BjOg  in  the  vapors  unless  the  solution  was  much 
concentrated.  On  evaporating  to  dryness  only  about  one  eighth  of  the 
BjOg  was  volatilized.  The  method  used  for  the  test  was  adding  50  per 
cent  of  glycerol  and  titrating  with  phenol phthalein  indicator.  '1  o  sep- 
arate from  P2O5,  using  a  dilute  solution  and  precipitating  cautiously  with 
CaClji  the  sjlution  containing  a  slight  excess  of  Na2C03,  will  leave 
BjOg  in  the  solution.  Addition  of  (NH^'jjCOg  with  ammonia  will  pre- 
cipitate the  excess  of  Ca.  Then  boiling  the  filtrate  with  excess  of  Na^ 
CO 3  to  expel  NH3  affords  a  solution  in  which  BjOj  may  be  estimated 
by  titration.  The  Mg  separation  of  P20g  was  also  found  to  be  success- 
ful. Some  experiments  in  the  use  of  NH3  solution  of  Zn  for  separating 
the  P2O5  are  in  progress. 

Boric  Acii in  Fooi^, — De  Koninck  (J.  Am.  Chem.  Soc.,  XIX.,  55). 
So-called  **glacialine,"  consistmg  of  a  mixture  of  3  parts  of  the  acid 
with  one  of  borax,  is  frequently  used.  With  uncooked  eggs,  add  to  5 
gras.  of  the  sample  one  drop  of  NaOH  (i:  0,  dry  and  incinerate.  Boil 
the  char  with  water  and  burn  the  residue  again.  Extract  wiih  water, 
unite  the  solutions,  add  a  few  drops  of  methyl  orange  and  render  barely 
acid  with  tenth  normal  H2SO4.  Boil  to  expel  CO2,  cool,  add  half  its 
bulk  of  glycerine  and  titrate  with  N/io  NaOH,  using  phenol-phthaline 
as  indicator.  The  presence  of  phosphates  causes  some  interference  and 
some  allowance  must  be  made  for  them.  In  5  gms.  of  tg^  this  allowance 
amounts  to  3  cc.  of  N/io  NaOH.  In  milk  i  cc.  of  NaOH  solution  is 
used  for  10  gms.  of  the  sample. 

Sulphur  in  Pig-iron. — Blair  (J.  Am.  Chem.  Soc,  XIX.,  114).  A 
sample  of  pig-iron  was  received  which  gave  no  S  by  the  evolution  method. 
By  the  aqua  regia  method  it  showed  o  032  and  0.042  per  cent.  Bamber's 
method,  which  is  recommended,  gave  0.062  percent.  This  method  con- 
sists in  dissolving  (5  gms.  or  6.878  gms.)  in  strong  HNOg,  then  adding 
2  to  5  gms.  KNO3,  evaporating  to  dryness  in  a  platinum  caj^ule  and  ig- 
niting. The  mass  is  then  treated  with  water  containing  a  little  NajCOg 
filtered,  washed  with  weak  Na2C03,  and  the  filtrate  acidified  with  HCl, 
precipitating  with  BaCl2  boiling. 

Apparently  sulphur  exists  in  four  different  forms  in  pig- iron  : 

1.  S  evolved  as  HgS  on  solution  HCl. 

2.  S  evolved  as  other  compounds  not  absorbed  by  alkaline  Pt  solution 
or  oxidized  by  Br  or  by  KjMnjOg. 

3.  S  unacted  upon  by  hot  HCl,  but  oxidized  by  HNO3  or  aqua  regia. 

4.  S  unacted  on  by  HNO3,  HCl  or  aqua  regia. 

Sulphur  in  Irons. — Hertung  (Chem.  Ztg.,  February  6,  1897).  The 
Wiborgh  method  is  much  used.  Intensity  of  coloration  of  a  paper  or 
cloth  soaked  in  Cd  salt  (evolution  method),  but  may  be  erroneous  from 
leakage  of  the  apparatus,  etc.  The  small  amount  used,  0.2  to  0.8  gm.,  is 
also  an  objection.  The  method  described  by  E.  F.  Wood  in  Blair's 
book  (passing  with  Cd  salt  and  treating  the  CdS  with  I)  is  preferable. 
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De  Konick*s  observation  that  HjS  is  not  materially  oxidized  by  contact 
with  air  in  the  apparatus,  is  alluded  to  with  approval  from  the  author's 
experience. 

Sulphur  in  Irons, — Boucher  (Chem.  News,  LXXV.,  121).  The 
method  proposed  is  one  of  the  evolution  methods  in  which  the  HjS 
evolved  by  treating  10  to  20  gms.  of  the  iron  with  HCl  is  caught  m 
NaOH  in  a  U  tube.  This  solution  is  then  run  into  an  acid  solution  of 
FejClg  and  the  amount  of  ferrous  salt  formed  titrated  with  standard 
KgCrgO^  solution. 

Silicon  in  Silico- Spiegel  and  Ferro-Silicon. — Murray  and  Maury  (J. 
Am.  Chem.  Soc,  XIX.,  138).  The  most  successful  method  for  speed 
and  accuracy  was :  Add  to  0.5  gm.  of  the  finely  pulverized  material  50 
cc.  of  water,  10  cc.  cone.  HCl,  and  12  cc.  H2SO4  (1:3).  Heat  to  co- 
pious fumes  of  SO 3,  cool,  add  10  cc.  HCl  warm,  and  then  75  cc.  of 
water.  On  heating  there  should  be  no  effervescence  from  undecomposed 
material  (if  there  is,  evaporate  again  to  fumes).  Boil,  filter,  wash  with 
HCl(i:i,)  ignite  and  weigh ;  add  HjSO^  and  HF.  Ignite  and  weigh 
again.     Loss  is  SiOj..  calculate  to  Si. 

Silicates Opening  up.     Jannasch  (Zts.  Anorg.  Chem.  ). 

The  silicate  is  mixed  with  10  to  12  parts  of  pure  PbCOg,  in  a  large 
platinum  crucible  and  heated  at  first  (15  to  20  minutes)  with  a  low 
flame,  then  raised  to  fusion.  The  crucible  should  not  be  red  hot  for 
more  than  one-third  its  height.  After  10  to  15  minutes  the  crucible  is 
dipped  directly  into  cold  water.  By  tapping,  etc.,  when  cold,  the  mass 
can  be  removed.  Dissolve  in  HNO3,  evaporate  to  absolute  dryness  and 
take  up  with  HNO3",  filter.  Precipitate  the  major  part  of  the  Pb  by 
HCl,  filter,  evaporate  with  excess  of  HCl,  filter  and  precipitate  remain- 
ing Pb  by  HjS. 

Silica  in  Blast-furnace  Slags, — Meeker  (J.  Am.  Chem.  Soc.  XIX., 
370.)  0.5  gm.  of  finely  pulverized  slag  is  placed  in  a  4  in.  casserole. 
Cover  with  cold  water  (about  3  cc.)  and  stir  to  break  up  lumps.  Then 
pour  in  10  cc.  cone.  HCl,  stirring  vigorously  to  prevent  sticking  to  the 
bottom. 

As  soon  as  the  slag  seems  dissolved  as  much  as  it  will,  and  before  it  is 
set  to  a  jelly,  pour  in  40  cc.  H2SO4  (1:1),  stir  well,  wash  off  stirring  rod, 
and  then  cover  with  a  funnel.  The  funnel  should  have  fused  edges,  and 
be  of  such  a  size  as  to  rest  upon  the  sloping  inside  of  the  casserole,  and 
set  down  above  the  solution. 

Place  the  casserole  on  a  wire  gauze,  and  boil  rapidly  until  fumes  of  SO5 
begin  to  come  from  under  the  edge  of  the  funnel.  Cool,  dilute  some- 
what, and  clean  off  the  funnel.  Add  about  10  cc.  HCl  and  dilute  until 
the  casserole  is  as  full  as  it  can  be  conveniently.  Cover  with  watch 
glass  and  boil  gently  one  minute.  Filter  on  pump.  Wash  five  times  with 
hot  HCl  (Gr.  1. 10),  and  five  times  with  hot  water.     Ignite  and  weigh. 

The  discussion  of  the  reasons  for  this  procedure  must  be  consulted  in 
the  original  paper.  The  plan  was  adopted  in  view  of  the  presence  of 
spinel  (magnesium  aluminate),  which  occurs  frequently  in  these  slags. 

Carbon  in  Ferrochrome, — Breasley  and  LefHer  (Chem.  News, 
LXXV.,  241).     The  method  used  consisted  in  mixing  0.5  to  i  gm.  of 
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the  finely  powdered  ferrochrome  with  10  gms.  PbCrO^  which  had  been 
previously  fused  and  then  re-ground  to  powder;  inserting  in  a  porce- 
lain boat  which  was  placed  in  a  porcelain  combustion  tube  packed  with 
CuO,  etc.,  and  then  effecting  combustion.  The  details  of  manipulation 
are  all-important.  The  method  given  by  Professor  Arnold  (Steel  Works 
Analysis,  p.  213)  did  not  prove  satisfactory.  In  a  communication 
(C.  N.  LXXV.,  263.)  Professor  Arnold  states  that  the  cause  of  failure 
with  his  process  was  due  to  defective  furnace  and  unsuitable  manipula- 
tion on  the  part  of  the  authors. 

Carbonic  Add  by  lodometric  Method — Phelps  (Zts.  Anorg.  Chem. 
XII.,  431).  The  CO 2  freed  from  its  combination  by  some  non-volatile 
acid  in  a  suitable  flask  is  passed  into  Ba(OH)2  solution.  The  excess  of 
Ba(0H)2  is  then  neutralized  by  standard  solution  of  I  until  all  is  con- 
verted to  Ba(I03)2,  and  Balg.  The  excess  of  I  is  then  titrated  with  nor- 
mal AsjOg  solution. 

Estimation  of  Cyanogen, — Sharwood  (J.  Am.  Chem.  Soc.,  XIX.,  400). 
A  monograph  on  the  determination  of  the  various  forms  of  cyanides 
likely  to  occur  in  the  "  cyanide  extraction  '*  of  gold  from  its  ores,  using 
KI  and  NH4OH  as  indicator — proposed  by  Deniges  (Ann.  Chim.  Phys. 
[7]  VI.,  381). 

Cyanide  Solutions. — Ellis  (J.  S.  C.  I.,  XVI.,  115).  Various  applica- 
tions of  methods  already  noticed  are  described.  Particular  attention  is 
given  to  the  reactions  involved  in  the  process  of  extraction  of  gold  with 
the  other  (possible)  constituents  of  the  ore,  etc.  (Cu,  Zn,  etc.).  The 
accurate  determination  of  free  KCy  in  presence  of  K2ZnCy2  KgCOg 
and  KOH  is  regarded  by  the  author  as  an  analytical  problem  hitherto 
unsolved.     The  AgNOg  and  KI  method  of  titration  is  used. 

Nitrous  Acid  Reaction, — Riegler  (Zts.  anal.  Chem.  XXXV., 677).  Place 
0.02  to  0.03  gm.  crystallized  naphthionic  acid  in  a  test  tube,  add  5  to  6 
cc.  of  the  liquid  to  be  tested,  shake  well,  then  add  2  or  3  drops  cone. 
HCl,  shake  thoroughly,  then  run  in  a  little  ammonia  solution  (20  to  30 
drops),  so  that  it  forms  a  layer  on  the  top.  A  trace  of  HNOj  will  show 
a  rose-colored  ring  at  the  point  of  contact.  On  shaking  the  rose  tint  is 
spread  through  the  solutiofi.  The  author  makes  the  test  quantitative,  ib., 
XXXVI.,  306. 

Nitric  Nitrogen, — Copper  zinc  couple.  Stock  (J.  S.  C.  I.,  XVI., 
107).  Granulated  zinc  is  used,  to  this  is  added  2  to  3  drops  of  HjSO^ 
and  10  cc.  of  a  3  per  cent,  solution  of  CUSO4  (crystals) ;  after  shaking 
(holding  the  stopper  in)  for  a  minute,  the  mouth  of  the  bottle  is  covered 
with  copper  gauze,  and  Zn  washed  and  drained,  when  it  is  ready  for 
the  addition  of  the  water  to  be  analyzed. 

Analysis  of  Nitroglycerine, — Henry  (Bull.  Acad.  Roy.  Belg.,  XXXII., 
266).  The  combustion  has  been  made  in  the  ordinary  manner,  when 
the  explosive  was  completely  soaked  up  in  powdered  CuO. 

Iron  containing  Boron — Warren  (Chem.  News,  LXXV.,  91).  The 
compound  of  iron  and  boron  may  be  readily  produced  by  heating  ferric 
borate  tq  a  red  heat.  Even  fusing  iron  in  contact  with  borax,  as  is  some- 
times done  in  metallurgical  work,  produces  some  of  the  boride,  which 
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mingles  with  the  iron.     In  some  cases  this  may  cause  some  errors  in  the 
analysis  of  such  irons. 

Cokey  Sampling  an  i  An j/ysis,  -^Stock  (J.  3.  C.  I.,  XVL,  304).  The 
necessity  for  a  uniform  method  of  sampling  is  very  desirable.  The 
method  recommended  is ;  when  on  cars  to  open  the  side  doors  and  take 
portions  from  the  top,  middle  and  bottom  of  each  car,  collecting  in  this 
way,  from  siy  ten  cari,  a  bulk  s.im;)le  of  3  to  5  cwt.  This  should  be 
broken  up  to  about  macadam  size,  well  mixed  on  clean  iron  plates, 
heaped  together,  and  sampled  after  the  regular  fashion  of  mineral  ore 
sampling,  breaking  smaller  and  smaller  each  time,  until  the  sample  is 
brought  down  to  about  20  pounds,  which  will  pass  a  ^-inch  sieve,  which 
is  still  further  reduced  on  a  bucking  plate,  and  finally  in  a  wedge- wood 
mortar.  Too  much  working  on  the  bucking  plate  will  increase  the  per- 
centage of  ash  by  wearing  off  the  plate.  A  100  gm.  sample  should  be 
taken  for  moisture  determination  when  all  the  sample  will  pass  a  ^-inch 
sieve.  A  500  gm.  portion  of  the  sample,  after  grinding  finer,  is  dried, 
and  portions  of  it  used  for  determination  of  the  other  constituents.  Dry- 
ing for  three  hours  in  an  air  bath  at  105^  is  sufficient  to  expel  the  mois- 
ture; 0.7  to  I  per  cent,  is  the  usual  amount.  The  maximum  amount 
which  a  coke  can  be  made  to  hold  is  19.17  per  cent.  A  lot  which  had 
been  long  exposed  to  rain  was  found  to  contain  2.30  to  12.36  per  cent., 
average  5.25.  The  method  used  for  S  determination  is  to  mix  i  gm.  of 
the  pulverized  and  dried  sample  with  about  i  gm.  of  half  hydrated  CaO 
[mixture  of  equal  parts  of  CaO  and  Ca  (OH) 2]  moisten  with  i  cc.  of 
water,  dry,  and  then  heat  in  a  muffle  to  bright  red  until  all  carbon 
is  burned  off.  After  cooling,  the  material  is  treated  with  20  cc.  water, 
and  5  cc.  saturated  Br  water,  7.5  cc.  HCl  are  then  added,  and  afier  boil- 
ing five  minutes  the  solution  is  filtered,  the  residue  washed,  and  the 
filtrate,  etc.,  precipitated  boiling  with  BaClj  boiled  half  an  hour,  kept 
hot  for  three  hours,  filtered  and  washed,  etc.  For  P,  which  usually  runs 
0.005  to  0.017  per  cent.,  10  gms.  of  the  sample  are  burned  to  ash  in  a 
flat  Pt  tray,  the  ash  ground  in  a  mortar,  and  digested  nearly  boiling  with 
20  cc.  of  brominized  HCl.  The  HCl  is  then  evaporated  off.  After  tak- 
ing up  with  20  cc.  of  water,  and  filtering,  15  cc.  of  strong  ammonia  is 
added,  which  is  then  neutralized  with  HNO3;. after  adding  a  few  drops 
of  dilute  ammonia,  and  again  neutralizing  with  HNOg,  2.5  to  3  cc.  of 
strong  HNOg  are  added,  then  5  cc.  of  molybdate  mixture  is  added  sud- 
denly. By  constant  shaking  for  five  minutes,  when  the  operation  is  con- 
ducted with  a  hot  solution,  the  pretipitation  is  complete,  and  the  rest  of 
the  operation  can  be  conducted  in  the  usual  manner.  The  author  dries 
and  weighs  the  yellow  precipitate. 

JVew  Element. — Demarcay  (C.  Rend.,  CXXIL,  728).  By  fractional 
crystallization  of  (fuming)  HNO3  solution  of  rare  earths  rich  in  samarium 
the  author  obtained  a  colorless  nitrate  of  an  apparently  new  earth,  but 
little  soluble  in  the  cold.  The  primary  spectrum  gave  lines  different 
from  those  of  Gadolinium  and  of  Samarium,  though  weak  lines  of  those 
elements  were  seen,  showing  that  it  had  not  been  completely  purified. 
The  ekment  is  provisionally  designated  as  I. 
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Missouri  Geoiogicai  Survey.  Vol.  XL  "Clay  Deposits.'*  By  H.  A. 
Wheeler. 

This  is  the  largest  clay  report  which  has  ever  been  issued  in  the 
United  States,  and  the  extensive  and  varied  character  of  the  Missouri 
clays  has  given  Prof.  Wheeler  an  excellent  subject  for  study.  The  re- 
port shows  that  there  are  within  the  State  large  beds  of  high-grade  clay, 
which  must  be  a  source  of  great  revenue  at  no  very  distant  day.  De- 
tailed accounts  are  given  of  the  china  clay,  flint  and  plastic  fire  cla}*s, 
potters'  clays,  shales,  paving-brick  clays,  etc.  The  flint  clays  are  especi- 
ally interesting  from  a  chemical  standpoint,  as  they  seem  to  be  mixtures 
of  kaolinite  and  its  amorphous  variety,  pholerite. 

The  special  value  of  the  report  lies  in  the  physical  tests  which  have 
been  made  on  a  number  of  the  samples  studied.  This  is  the  first  report 
issued  in  this  country  in  which  the  foreign  physical  methods  of  study 
have  been  employed.  This  includes  the  determination  of  the  plasticity, 
shrinkage  in  drying  and  burning,  temperatures  of  incipient  fusion^  vitri- 
fication and  viscosity,  etc.  The  plasticity  of  clays  is  an  important  prop- 
erty and  one  which  it  is  always  desirable  to  give  a  numerical  value  to. 
In  the  Missouri  work  Wheeler  has  used  the  method  devised  by  Olchew- 
sky,  which  is  based  on  the  close  relation  that  exists  between  tensile 
strength  of  the  air-dried  clay  and  its  plasticity.  The  more  plastic  the 
clay  the  greater  its  tensile  strength.  This  is  determined  by  molding  the 
wet  clay  into  briquettes,  which,  when  air-dried,  are  pulled  apart  in  a 
cement- testing  machine,  and  the  number  of  pounds  per  square  inch 
which  is  required  to  do  this  noted. 

The  report  closes  with  chapters  on  prospecting  clays,  a  bibliography  of 
a  number  of  the  more  important  books  on  clay  and  a  table  of  the  more 
important  American  and  foreign  analyses. 

The  work  will  form  a  valuable  addition  to  the  literature  on  American 
clays,  which,  happily,  is  daily  increasing,  but  it  is  unfortunate  that  the 
work  contains  so  many  typographical  errors.  H.  Ries. 

A  Primer  of  the  Calculus.  By  E.  Sherman  Gould.  New  York,  D. 
Van  Nostrand  Company.     91  pp.,  17  plates.     Price,  50  cents. 

In  this  little  volume,  which  forms  No.  112  of  the  Van  Nostrand  Science 
Series,  the  author  has  succeeded  in  presenting  the  subject  of  the  calculus 
in  a  very  clear  and  lucid  manner,  as  far  as  the  first  differentials  of  alge- 
braic functions  of  one  independent  variable  and  their  corresponding  in- 
tegrals are  concerned. 

The  author  has  adopted  the  plan  of  entirely  omitting  any  discussions  as 
to  the  logical  basis  of  the  science,  but  plunges  immediately  into  working 
formulas,  first  for  differentiation  and  then  integration.  Appropriate  ex- 
amples illustrating  the  application  of  these  formulas  are  then  given,  cover- 
ing maxima  and  minima,  areas  of  curves,  volumes  of  solids,  lengths  of 
curves,  areas  of  surfaces  of  revolution,  centre  of  gravity,  etc.  A  few  re- 
marks in  regard  to  the  limitations  of  the  calculus  form  the  final  pages. 

The  work  shows  care  in  its  preparation,  for  the  subject  is  handled  in  a 
masterly  way,  very  concisely  and  tersely  stated,  while  the  examples 
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selected  to  illustrate  the  various  methods  and  points  are  well  chosen  and 
of  an  extremely  practical  nature.  W.  H.  F. 

The  Elements  of  Physics.  Vol.  III.,  *'  Light  and  Sound."  By  Edward 
L.  Nichols  and  William  S.  Franklin.  New  York,  The  Macmil- 
lan  Company.  194  pp.,  182  diagrams  and  illustrations.  Price, 
^1.50 

The  concluding  volume  of  the  series  of  three  on  *' The  Elements  of 
Physics'*  by  the  above  authors  maintains  the  high  standard  set  by  its 
predecessors. 

The  opening  chapter  presents  the  wave  theory  of  light  and  of  sound 
and  describes  historically  the  methods  employed  for  determining  the 
velocity  of  propagation  of  each. 

Under  the  subject  of  Waves  the  authors  present  discussions  relating  to 
longitudinal  and  transverse  waves,  gradually  leading  up  to  the  modern 
idea  of  Wave  Front  and  touching  upon  the  subject  of  Shadows. 

Reflection  and  Refraction  are  next  taken  up  and  considered  in  a  very 
clear  and  complete  way,  aided  by  many  diagrams. 

Chapters  IV.,  V.  and  VL,  covering  28  pages,  touch  in  order  upon 
lenses  and  systems  of  lenses;  imperfections  of  lenses  and  methods  of 
correcting  the  same  with  examples  of  various  lens  systems  used  in  prac- 
tice ;  simple  optical  instruments  under  which,  after  an  introduction  as  to 
the  essential  features  and  defects  of  the  human  eye,  are  treated  the  cam- 
era, magic  lantern,  microscope,  telescope,  spy-glass  and  opera-glass. 

The  next  topic  dwelt  upon  is  Dispersion,  allowing  the  authors  to  dis- 
cuss the  spectrum  and  spectroscope,  followed  by  an  excellent  chapter  on 
Interference  and  Diffraction. 

•The  subjects  of  Color  and  Photometry,  an  excellent  treatment  on 
Polarization  and  Double  Refraction,  together  with  a  clear  exposition  of 
Radiation,  leave  the  remainder  of  the  book  to  be  entirely  devoted  to 
Sound. 

Loudness,  Pitch  and  Timbre  is  the  heading  of  the  first  chapter  on 
Sound,  followed  by  one  on  Free  Sonorous  Vibrations,  in  which  the 
authors  touch  upon  the  action  of  columns  of  air,  vibrating  strings,  dia- 
phragms and  manometric  flames. 

Next  the  authors  tak6  up  questions  of  Damping,  Impressed  Vibrations 
and  Resonance  and  Hearing. 

The  final  chapter,  on  Musical  Intervals  and  Scales,  is  a  very  compact 
and  terse  statement  of  the  theory  of  music. 

In  this  volume  much  repetition  has  been  avoided  by  considering  Light 
and  Sound  together  in  many  of  the  discussions  and  only  treating  them 
separately  where  absolutely  necessary. 

The  series  as  a  whole  fills  a  want  which  has  heretofore  existed,  /.  ^.,  a 
text-book  for  students  who  possess  a  good  working  knowledge  of  the 
calculus. 

From  this  standpoint  no  one  can  say  that  the  authors  have  not  accom- 
plished what  they  set  out  to  do.  W.  H.  F. 

A  Dictionary  of  the  Names  of  Minerals,  including  their  **  History  and 
Etymology."  By  Professor  Albert  H.  Chester.  John  Wiley 
&  Sons,  53  East  Tenth  Street,  New  York  City  ;  and  Chapman  & 
Hall,  Limited,  11  Henrietta  Street,  Covent  Garden,  London,  W.  C, 
England,     8vo,  cloth.     Price,  ^3.50. 
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Professor  Chester  was  well  qualified  by  previous  work  and  as  the  pos- 
-sessor  of  a  fine  mineralogical  library  to  undertake  the  critical  study  of  the 
origin  and  present  importance  of  the  various  names  given  to  minerals,  and 
the  book  before  us  is  the  result  of  many  years  of  patient  work  and  exten- 
•sive  correspondence.  It  is  rather,  however,  a  dictionary  of  the  English 
forms  of  names,  as  the  five  thousand  (approx.)  names  given  do  not,  in 
general,  include  the  foreign  forms  and  spellings  of  the  common  names, 
-such  as  Kieselzenkerz  Atakamit,  Schwerspath,  etc. 

The  general  scope  and  style  of  the  work  is  best  illustrated  by  one  or 
two  examples,  for  instance  : 

Adularia.  E.  Fini^  1783,  Pini  St.  Gott.,  57  (adulaire)  from  the 
Adula  Mts.,  erroneously  supposed  to  be  the  range  containing  Mt.  St. 
•Gotthard,  its  locality.  The  transparent  variety  of  orthoclase  often  show- 
ing pearly  and  opalescent  reflections. 

Hortonite.  A.  Dufrenoy,  1859,  Duf.  Min.  IV.,  424,  probably  in 
honor  of  Dr.  William  Horton.  A  steatitic  pseudomorph  of  pyroxene  from 
Orange  county,  N.  Y. 

That  is,  the  attempt  is  made  to  give  the  author's  name,  the  date  he  pub- 
lished the  name,  the  work  in  which  published,  the  first  form  of  the 
mame  and  its  derivation,  and  finally  a  short  description. 

Objection  may  sometimes  be  made  to  Professor  Chester's  choice  of 
species,  variety  and  synonym.  These  merge  into  each  other  and  the  di- 
viding lines  depend  very  largely  upon  circumstances.  The  larger  the 
•collection  the  greater  the  freedom  given  to  the  variety.  This  feature, 
however,  is  not  the  essential  one,  and  the  great  value  of  the  book  to 
mineralogists  will  be  to  assist  in  the  exclusion  of  names  shown  to  be 
errors,  to  prevent  repetitions  of  names  once  used  and  to  furnish  a  refer- 
ence to  the  original  description  of  the  substance. 

The  work  is  carefully  printed  on  good  paper  and  should  be  owned  by 
all  collectors  and  lovers  of  minerals. 

Alfred  J.  Moses. 
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Alto  Mining  and  Ore-Treating  Machinery  of  Every  Kind 


Woodbridge  School, 


FORMERLY 


School  of  Mines  Preparatory  School. 


417  Madison  Avenue, 

Between  48th  and  49th  Streets,  NEW  YORK  CITY. 


J.  Woodbridge  Davis,  C.  E.,  Ph.  D., 

David  Allen  Center,  A.B.,  B.S. 

PRINCII^AIvS. 


Fifteenth ,  Year  Begins  October  ist,  i8q6. 


THE  school  is  well  equipped  with  phj-sical  and  chemical  laboratories,  in  which  the 
students  are  required  to  perform  a  complete  set  of  experiments  illustrative  of  their 

recitations  in  physics  and  general  chemistry.  A  special  laboratory  is  devoted  to 
qualitative  chemical  analysis  for  advanced  students. 

An  advanced  course  prepares  students  for  the  Second  Year  Class  of  the  School 
of  Mines. 

Four  hundred  Students  of  Columbia  School  of  Mines  have  been  instructed  in  the 
Woodbridge  School.  Also  a  large  number  have  been  prepared  for  Massachusetts  In- 
stitute of  Technology,  Stevens  Institute,  Sheffield  Scientific  School,  Lawrence  Scien- 
tific School,  Troy  Polytechnic  Institute,  Cornell  University,  and  the  Classical,  Medical 
and  Law  Departments  of  Harvard,  Yale,  Columbia  and  Princeton. 
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52  Wall  Street,  N.  Y. 

Vice-Pre8idenij 

JAMES  FURMAN  KEMP,  '84. 
Columbia  University,  N.  Y. 

Secreiaryf 

F.  E.  HUTTON,  '76. 
Columbia  University,  N.  Y. 

TreaaureTj 

LEA  McILVAINE  LUQUER,  '87. 
Columbia  University,  N.  Y. 


Terms  expire  1897. 

WM.  A.  HOOKER,  '69. 
W.  M.  MESEROLE,  '81. 
DANIEL  E.  MORAN,  '84. 
H.  K.  MASTERS,  '94. 


Group. 

-S. 

Terms  expire  1898. 

I. 

H ,  S.  MUNROE,  69. 

II. 

J.  K.  REES,  '75. 

III. 

W.  B.  PARSONS,  '82. 

IV. 

M.  T.  BOGERT,  '94. 

Note. — Correspondence  concerning  dues  and  other  clerical  details  of  the  work  of 

the  Association  may  be  conveniently  addressed  to  Mr.  Fbancis  W. 

HoADLEY,  Assistant  to  the  Secretary  and  Treasurer, 

No.  12  West  3l8t  St.,  New  York  City. 
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JNO.  8TRUTHERS. 
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R.  E.  MAYER. 
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1898 

F.R.  MUTTON, 

1899 

HOWARD  VAN  SINDREN,     . 

1900 

W.  B.  PARSONS, 

1901 

WM.  ALLEN  SMITH,  . 

1902 
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SUMMARY. 
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1028 
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6 
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(  Reviskd  to  March,  1897. ) 

LIST  No.  i. 


Contains  the  names  of  all  Graduates  and  Members  of  the 
Alumni  Association  grouped  by  classes  from  the  begin- 
ning. The  details  as  to  residence  and  Professional  Oc- 
cupation are  given  in  the  second  or  alphabetical  list  for 
convenient  reference. 
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CLASS  LIST 

OF 


GRADUATES  AND  MEMBERS 


OF  THE 


ASSOCIATION  OF  THE  ALUMNI. 


[Note. — Where  the  name  is  followed  by  a  date,  it  denotes  that  the  persoii  is  do 
longer  living,  and  the  date  is  the  year  of  the  death.] 


Adams,  J.  M.,  1892. 
Bridgham,  S.  W. 
BroDsoD,  E.  S. 
Brown,  F.  G. 
Church,  J.  A. 

Barnard,  A.  P. 
Baxter,  G.  S. 
Carson,  J.  P. 
Chester,  A.  H. 
Coursen,  G.  H. 
Geer,  G.  J.,  Jr. 
Hanna,  G.  B. 
MacMartin,  A.,  1881. 

Blossom,  T.  M.,  1876. 
Bruckman,  F. 
Campbell,  A.  C. 
Delafield,  A.  F.* 
Hooker,  W.  A. 

Haight,  O.,  1891. 
Ingersoll,  W.  H. 
Knapp,  J.  A. 


i86t. 

Cornwall,  H.  B. 
Giddings,  E.  E. 
Grade,  C.  K.,  1891. 
Hale,  A.  W. 
Harding,  G.  E.* 

i868. 

Melliss,  D.  E.* 
Moffatt,  E.  S.,  1893. 
Parsons,  G.  H. 
Pennington,  J.  P.* 
Pistor,  W. 
Piatt,  C.  S. 
Robertson,  K. 

1869. 

Huntingdon,  C. 
Irving,  R.  D.,  1888. 
Jennoy,  W.  P. 
Munroe,  H.  S. 


Harmer,  T.  H. 
Petit,  F.  M. 
Tuttle,  W.  W. 
Van  Lennep,  D. 


Shack,  A.  P. 
Schermerhorn,  F.  A. 
Smith,  L. 
Smith,  W.  A. 
Stalknecht,  F. 
Van  Arsdale,  W.  H. 
Wheeler,  M.  D.,  1889. 


Nettre,  L.  R. 
Newton,  H.,  1877. 
Potter,  W.  B. 
Randolph,  J.  C.  F. 


1870. 

Lilienthal,  J.  L.,  1893.  Terhune,  R.  H. 

Lindsley,  S.  Van  Wagenen,  T.  F. 

Parrot,  E.  M.  Waller,  E. 


^Associate. 
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Fales,  W.  E.  S. 
Goldschmidt,  S.  A. 
Gordon,  J. 


Austen,  P.  T. 
Jenney,  F.  B.,  1876. 


Canfield,  F.  A. 
Colton,  C.  A. 


i8ti. 

Ricketts,  P.  de  P. 
Riggs,  G.  W. 
Roberts,  G.  S. 

J872. 

McDowell,  F.  H. 
Sloan  e,  T.  O'C. 

Mott,  H.  A.,  1896. 
Webb,  H.  W. 


Robertson,  R.  S.,  Jr. 


Allen,  C.  S.  Lillie,  S.  M. 

Benedict,  W.  de  L.  Murray,  G. 

Cameron,  J.  G.  M.,  1889.  Olcott,  E.  E. 
Ledoux,  A.  R.*  Rees,  B.  F. 


Ihlseng,  M.  C. 
lies,  M.  W. 
Jackson,  C.  E. 
Joy,  D.  A.,  1888. 
Lamson,  R,,  1876. 
Lieavens,  H.  W. 
Macy,  A.,  1891. 


Austin,  T.  S. 
Bruen,  F.  E.,  1884. 
Cornwall,  G.  R. 
Craven,  F.  C,  1890. 
Foote,  H.  C,  1888. 
Garrison,  E.  H. 
Gratacap,  L.  P. 
Hall,  R.  W. 
Hamilton,  S.,  Jr. 


Barros,  L.  de  S. 
Barus,  C* 
Beard,  J.  T. 
Behr,  E. 


Noyes,  W.  S. 
Pfister,  P.  C. 
Putnam,  B.  T.,  1886. 
Rees,  J.  K. 
Rolker,  C.  M. 
Russell,  S.  H.,  1889. 
Stewart,  H. 

1876. 

Holbrook,  F.  N. 
Hoyt,  W.  L. 
Hunt,  F.  F. 
Hutton,  F.  R. 
King,  C. 
Lord,  N.  W. 
Love,  E.  G. 
Maghee,  J.  H. 
More  wood,  H.  P. 

Buckley,  C.  R. 
Cady,  L.  B. 
Canfield,  A.  C. 
Cauldwell,  J.  B. 


Wendt,  A.  F. ,  1893. 


Williams,  J.  T.,  Jr. 


Rhodes,  F.  B.  F. 
Williams,  F.  H. 


Thompson,  M.  S. 
Tucker,  J.  H. 
Vanderpoel,  F. 
Wells,  J.  S.  C. 
Wetmore,  E.  A. 
Wright,  A.  A. 


O'Grady,  J.  W.,  1890. 
Randolph,  J.  F. 
Ross,  W.  C. 
Schneider,  A.  F. 
Tilden,  G.  C. 
Van  Blarcom,  E.  C. 
Walbridge,A.C.,1892. 
Wardlaw,  J.  R.,  1891. 


Clark,  H.  G.,  1881. 
Colby,  C.  E. 
Constant,  C.  L. 
Cornell,  G.  B. 


^Associate. 
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Floyd,  F.  \V. 
Helleberg,  F.  S.,  1833. 
Hildreth,  W.  E. 
Ihlseug,  A.  O. 
Jordao,  J.  N.  P. 
Kelly,  W. 
Mackintosh,  J.  B.,  1891. 

Adams,  W.  J. 
Benjamin,  M. 
Blydenburgh,  C.  E. 
Booraem,  B.  E. 
Brinkerhoff,  G.  C. 
Butler,  W.  P. 
Cushman,  A.  R. 
Davis,  J.  W. 
Devereux,  W.  B. 
Downing,  O.  P. 
Drummond,  I.  W. 
Eliot,  W.  G. 
Fernekes,  A.,  1884. 
Haas,  H.  L. 

Bolton,  R. 
Britton,  N.  L. 
Cloud,  L.  G. 

Cornwall,  H.  C. 

* 

Deluze,  L.  P. 
Eastwick,  G.  S. 
Haffen,  L.  F. 
Marker,  C.  S. 
Hathaway,  N. 
Hollerith,  H. 
HoUick,  C.  A. 
Johnson,  I.  B. 

Beebe,  A.  L. 
Benjamin,  F.  P.,  1893. 
Browning,  F.  D.,  1885. 
Browning,  J.  H.  B.* 
Bnigman,  W.  F. 
Butler,  N. 


Martin,  E.  W. 
Murphy,  J.  G. 
Nichols,  R. 
Norris,  D.  H. 
Priest,  J.  R.,  1880. 
Radford,  W.  H. 
Reed,  S.  A. 

Hasegewa,  Y. 
Hodges,  H.  A.,  1883. 
Holden,  E.  H. 
Hollis,  W. 
Johnson,  E.  M. 
Johnson,  G.  H. 
Karr,  C.  P. 
Lawrence,  B.  B. 
Lyman,  F. 
Matsui,  N. 
McCuUoh,  E.  A. 
More  wood,  G.  B. 
Morris,  G.  W.,  1895. 
Munsell,  C.  E. 

Johnston,  R.  A.,  1895. 
Koch,  E.  C. 
Leggett,  T.  H. 
Ludlow,  E. 
Marsh,  C.  W. 
Mathis,  T.  S. 
Mayer,  R.  E. 
Merwin,  H.  J. 
Milliken,  G.  F. 
Munroe,  O.  M. 
Neftel,  K. 
Nesmith,  J. 

i88o. 

Churchill,  A.  D.,  1896. 
Clark,  E.  P. 
Elliott,  W. 
Engel,  L.  G. 
Francke,  R.  O. 
Garlichs,  H. 


Rogera,  C.  L. 
Sage,  E.  E. 
Smeaton,  W.  H. 
Smythe,  R.  M. 
Thacher,  A. 
Van  Boskerck,  R.  W. 
Waterbury,  C.  R. 

Murphy,  H.  M. 
Nambu,  K. 
Newberry,  S.  B. 
Noyes,  J.  A. 
Olmstead,  O.  F.,  1881. 
Owen,  F.  N. 
Palmer,  C.  E. 
Parker,  R.  A. 
Pazos,  V.  F. 
Perry,  N.  W. 
Strieby,  W. 
Willis,  B. 


Noble,  C.  M. 
Reed,  W.  B.  S. 
Rhodes,  R.  D. 
Rutherford;  F.  M. 
Sheldon,  G.  H.,  1889. 
Starr,  H.  F. 
Stewart,  F.  B.,  1879, 
Stone,  G.  C. 
Suydam,  J.  R.,  Jr. 
Williams,  G.  W. 


Greene,  W.  L^. 
Greenleaf,  J.  L. 
Hallock,  A.  P. 
Hendricks,  H.  H. 
Hooper,  L.  M. 
Hopke,  T.  M. 


^Aasooiate. 
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Hudson,  E.  H. 
Klepetko,  F. 
Kunhardt,  W.  B. 
Mattison,  J.  G. 
Meissner,  C.  A. 
Merritt,  J.  H. 
Navarro,  J.  A. 

Andresen,  C.  A. 
Aschman,  F.  T. 
Bleecker,  C.  P. 
Braschi,  V.  M. 
Bush,  E.  R. 
Chazal,  P.  E. 
Colby,  A.  L. 
Curtis,  C.  G. 
Douglas,  E.  M. 
Dunham,  E.  K. 
Elliott,  A.  H. 
Furman,  H.  V.  F. 
Griswold,  AV.  T. 

Caiman,  A. 
Conant,  T.  P.,  1891. 
Cooper,  W.  H. 
Crocker,  F.  B. 
Dougherty,  O.  V.,  1889. 
Downes,  S.  B.,  1895. 
Downs,  W.  F. 
Emrich,  A.  F. ,  1893. 
Falk,  D.  B. 
Feuchtwanger,  H. 
Fitch,  C.  L. 
Going,  C.  B. 
Hill,  W. 

Abeel,  G.  H. 
Adams,  B. 
Ayestas,  A. 
Balch,  S.  W. 
Banks,  J.  H. 
Bardwell,  A.  F. 


Parker,  A.  McC. 
Parks,  J.  R. 
Robinson,  H.  A. 
Ruttman,  F. 
Singer,  G. 
Singer,  G.  H. 
Smalley,  W.  A.,  1886. 

i88i. 

Hemmer,  F.  A. 
Judd,  C.  B. 
Leary,  D.  J. 
LeBoutillier,  C. 
Ledoux,  A.  D. 
Little,  W.  P. 
Meserole,  W.  M. 
Neymann,  P. 
O'Connor,  M.  J. 
O'Connor,  T.  D. 
Pitkin,  L. 
Raymer,  G.  S. 
Richmond,  W.  T. 

1882. 

Illig,  W.  C,  1894. 
Joiiet,  C.  H. 
Mesa,  A.  E. 
Moses,  A.  J. 
Oothout,  E.  A.,  1894. 
Page,  W.  S. 
Parsons,  W.  B. 
Payne,  C.  Q. 
Porter,  J.  B. 
Powers,  C.  V.  V. 
Sands,  F. 

Shumway,  W.  A.,  1892. 
Staunton,  W.  F. 

T883. 

Brereton,  T.  J. 
Brewster,  H.  D.* 
Bullman,  C. 
Carr^re,  J.  M. 
Channing,  J.  P. 
Endicott,  G. ,  1889. 


Smith,  M. 
Tonnel^,  T. 
Torrey,  C.  H.,  1895. 
Walker,  J.,  Jr. 
Wheeler,  H.  A. 


Roberts,  A.  C. 
Sawyer,  C.  P. 
Share,  W.  W. 
Starr,  C.  D. 
Stearns,  T.  B. 
Swain,  A.  E. 
Tuttle,  E.  G. 
Van  Sinderen,  A.  H. 
Vult6,  H.  T. 
Williams,  W.  F. 
Wiechmann,  F.  G. 
Wilson,  H.  M. 


Stockwell,  N.  S.,1888. 
Toucey,  D.  B. 
Traphagen,  F.  W. 
Vondy,  R.  H. 
Wainwright,  J.  H. 
Wainer,  A.  G. 
Ward,  N.  R. 
White,  W.  S. 
Wilson,  W.  A. 
Wittmack,  C.  A. 
Young,  E.  L. 


Ferrer,  C.  F. 
Ferris,  J.  C. 
Fiallos,  E.  C. 
Haasis,  D.  F. 
Humbert,  W.  S. 
Lilliendahl,  A.  W. 


'Associate. 
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Mac  Teague,  J.  J. 
McKenna,  C.  F. 
Oxnard,  J.  G. 
Painter,  G.  E. 
Paraga,  C.  F. 
Peele,  Robert. 

Adams,  W.  C. 
Alden,  H.  C. 
Baldwin,  W.  M. 
Barnard,  E.  C. 
Barratt,  E.  G. 
Bodelsen,  O. 
Brinley,  J.  R. 
Bryce,  W. 
Buckingham,  F.  E. 
Burritt,  W.  W. 
Corcoran,  J.  T. 
Del  Calvo,  F. 
Duncan,  W.  P.,  1889. 
Dusenberry,  W.  T. 
Easton,  L.  C. 
Fahys,  G.  E. 
Fitch,  J.  H. 
Fitzgerald,  G.  E. 
Fowler,  S.  S. 
Glover,  C.  G.,  1888. 
Gosling,  E.  B. 

Amy,  E.  J.  H. 
Barkley,  H.  F.,  1895. 
Bemia,  F.  P. 
Brennan,  A.  J. 
Bush,  W.  F. 
Gary,  G. 
Clark,  F.  S. 
Cozzens,  H. 
Crowell,  C.  B. 
Detwiller,  C.  H. 
Doolittle,  C.  H. 
Dwight,  A.  S. 
Eddie,  E.  C. 
Engelhardt,  E.  N. 
Graff,  C.  E. 
Hart,  B. 


Powell,  F. 
Randolph,  E. 
Renault,  G. 
Rich,  J.  M. 
Richardson,  J.  C. 
Ridsdale,  T.  W. 

1884. 

Griffin,  S.  P. 
Gross,  L.  N. 
Horn,  J.  T. 
Kemp,  J.  F. 
Lamb,  A.  J. 
Luttgen,  E. 

McGenniss,J.W.,Jr.,'90 
McKim,  R.  A. 
McLoughlin,  C.  S. 
Miller,  C.  W. 
Moeller,  W.,  1897. 
Moran,  D.  E. 
Morgan,  W.  F. 
Mulford,  R. 
Napier,  A.  H.,  1895. 
Newberry,  W.  E. 
Newbrough,  W. 
Nolan,  T. 

Northrop,  J.  I.,  1891. 
Nye,  A.  C. 
Painter,  C.  A. 

1885. 

Hawkes,  E.  McD. 

Hildreth,  R.  W.,  1896. 
Hollis,  H.  L. 
Huntington,  F.  W. 
Ingram,  E.  L. 
Johnson,  A.  G. 
Lacombe,  C.  F. 
Lee,  G.  B. 
Mannheim,  P.  A.  L. 
Mari6  L. 
Meyer,  H.  H.  B. 
Merrill,  F.  J.  H. 
Miller,  C.  L. 
Moldehnke,  R.  G.  G. 
Noble,  L.  S. 
NorriB,  R.  V.  A. 


Suter,  G.  A. 
Tibbals,  G.  A. 
Tower,  A.  E. 
Walker,  A.  L. 
Weed,  W.  H. 


Pearis,  C.  F. 
Pellew,  C.  E. 
Post,  A.  S. 
Powers,  L.  J. 
Proctor,  W.  R. 
Reckhardt,  D.  W. 
.Roeser,  F. 
Rood,  R.  G. 
Rowland,  C.  B. 
Rupp,  P.,  Jr. 
Schoney,  E.,  1888. 
Sherman,  F.  D. 
Slack,  C.  G. 
Smedberg,  H.  A. 
Snook,  T.  E. 
Speyers,  C.  L. 
Tibbals,  S.  G. 
Value,  B.  R. 
Walbridge,  F.  K. 
Wood,  G.  E. 


Page,  G.  S. 
Pierce,  H.  N. 
Polledo,  Y.  Y. 
Sanders,  W.  E. 
Shope,  H.  B. 
Starek,  E. 
Struthers,  J. 
Thomas,  F.  M. 
Titus.  W.  H. 
Van  Cortlandt,  E.  N. 
Watson,  F.  M. 
Whitman,  E.  P. 
Wiltsie,  E.  A. 
Woolson,  I.  H. 
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Agramonte,  E.,  Jr. 
Agramonte,  J.  C. 
Bell,  H.  M.,  Jr. 
Berry,  W.  G. 
Casey,  E.  P. 
Oonant,  H.  D. 
Edwards,  B.  M. 
Frankfield,  E. 
Good,  G.  McC.  H. 
Home,  W.  D. 
Howe,  E. 

Aldridge,  W.  H. 
Appleby,  W.  R. 
Bellinger,  H.  P. 
Bien,  J.  R. 
Burns,  A.  L. 
Bums,  E.  Z. 
Butler,  W.  C. 
Church,  E.  D. 
Cole,  H.  M. 
Congdon,  E.  A. 
Cox,  J.  S.,  Jr. 
Darwin,  H.  G. 
Davis,  C.  H. 
Donnell,  H.  E. 
Ferguson,  W.  C.  A. 
Gage,  S.  E. 
Goldsmith,  B.  B. 
Gudeman,  £. 

Allen,  R.  L. 
Appleby,  J.  S. 
Baker,  G.  L. 
Bartlett,  F.  R. 
Bechstein,  C.  A. 
Beckwith,  C.  E. 
Berry,  G. 
Colt,  S.  B. 
Comstoek,  C.  N. 
Dodge,  F.  D. 
Dodsworth,  W.  A. 
Dow,  A.  W. 
Fisher,  W. 
Frank,  J.  W. 


1886. 

Janeway,  J.  H. 
Jenks,  A.  W. 
Kissam,  H.  S. 
Lederle,  E.  J. 
Lee,  H.  C. 
Newhouse,  E.  L. 
Norton,  L.  H. 
Ormsbee,  J.  J. 
Osterheld,  T.  W. 
Peck,  S.  B. 
Porter,  H.  H.,  Jr. 

1887. 
Heinsheimer,  A.  M. 
Huntting,  H.  O. 
Jacobs,  D.  M. 
Jacobs,  S.  J. 
Jeup,  B.  J.  T. 
Lahey,  J. 
Lahey,  R. 
Luquer,  L.  McI. 
Lusk,  G. 
MacKaye,  H.  S. 
Mannheim,  H.  C. 
Marsh,  J.  R. 
Middleton,  J. 
Moeller,  R. 
Muller,  G. 
Nichols,  H.  P. 
Primelles,  J.  A. 
Restrepo,  C.  C. 

1888. 
Gardner,  W.  D. 
Herbert,  O.  B. 
Hopke,  F.  E.,  1890. 
Jones,  W.  D. 
Koen,  J.  J. 
Lenox,  L.  R. 
Lipps,  H.,  Jr. 
Mcllvaine,  A.  R. 
Maclay,  J. 
Miller,  R.  P. 
Morgan,  J.  L. 
Munoz  del  Monte,  A. 
Parker,  O.  B.,  1891. 
Parsons,  H. 


Ryon,  A.  M. 
Spooner,  A.  N. 
Stodder,  R.  H.,  1887. 
Stuart,  W.  H. 
Thompson,  H.  C. 
Trowbridge,  S.  B.  P. 
Van  Brunt,  A.  H. 
Von  Nardroff,  E.  R. 
Wallace,  W.  J. 
Wheatley,  J.  Y. 
Wilson,  C.  E. 

Rice,  G.  S. 
Rowland  G. 
Rutherford,  L.  H. 
SchieflTelin,  W.  J. 
Seligman,  J.  G. 
Simonds,  F.  M. 
Slade,  R.  E. 
Stanton,  F.  McM. 
Staunton,  J.  A.,  Jr. 
Stevens,  A. 
Tower,  F.  W. 
Trask,  G.  F.  D. 
Tyler,  W.  L. 
Warner,  J.  L. 
Wels,  P.  O. 
Wertheimer,  L. 


Percival,  G.  S.,  1892. 
Perkins,  T.  S. 
Schumann,  C.  H. 
Shriver,  H.  T. 
Smith,  F.  P. 
Smyth,  C.  H.,  Jr. 
Stoughton,  A.  A. 
Taylor,  J.  B. 
Tucker,  A. 
Van  Dyck,  E. 
Van  Volkenburgh,  E. 
C.  Volckening,  G.  J. 
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Wampold,  L. 
Ward,  D.  W. 
Atha,  H.  O. 
Berry,  G. 
Brown,  R.  G. 
Cramer,  S.  W.* 
Cromwell,  J.  W. 
Denton,  F.  W. 
Dresser,  D.  LeR. 
Eastwick,  E.  P. 
Eilers,  K.  E. 
Ellis,  A.  V.  H. 
Escobar,  F. 
Fearn,  P.  LeR. 
Fowler,  A,  C. 
Freedman,  W.  H. 
GiflTord,  S.  D. 
Griffith,  V.  C. 

Andrews,  S.  W. 
Beckwith,  G.  A. 
Beelen,  H. 
Bette,  R.'T. 
Black,  A.  L. 
Blake,  E.  M. 
Book,  D.  D. 
Bradley,  S.  R. 
Buckland,  W.  A. 
Cairns,  F.  I. 
Carson,  J. 
Clark,  D.  L. 
Clayton,  W.  R. 
Colton,  F.  G. 
Connell,  H.  R.,  1895. 
Coykendall,  T.  C. 
Davis,  W.  M. 
Deghue6,  J.  A. 
Douglas,  J.  S. 

Anderson,  Geo. 
Bliss,  C.  P. 
Bookman,  S.* 
Blossom,  F. 


1889. 
Griggs,  W.  E. 
Guiterman,  E.  W. 
Harrington,  T.  H. 
Harris,  E. 
Heinze,  F.  A. 
Holt,  M.  B. 
Ives,  A.  S. 
Jopling,  R.  F. 
Luquer,  T.  T.  P. 
Mahony,  A.  8. 
Mapes,  C.  H. 
Mason,  C.  S.,  1889. 
Massa,  C.  G. 
Matthews,  C.  T. 
Monell,  J.  T. 
Mosley,  R.  K. 
Oseransky,  I.  H. 
Piez,  C. 

1890. 

Ferguson,  G.  A. 
Fisher,  L.  W. 
Foy6,  A.  E. 
Gildersleeve,  A.  C. 
Gould,  E.  L. 
Gudewill,  C.  E. 
Hart,  C.  H. 
Hewlett,  J.  M. 
Hicks,  G.  J.,  1891. 
Hinman,  B.  C. 
Hooper,  F.  C. 
Hoyt,  J.  S. 
Hurlburt,  E.  D.,  Jr. 
Jarmulowsky,  M. 
Jones,  J.  T. 
Kohn,  R.  D. 
Korn,  L. 
Levy,  A.  L. 

1891. 

Boecklin,  W. 
Boyd,  R.  C. 
Brosnan,  F.  X. 
Cristy,  E.  B. 

^Associate. 


Post,  A.  Van  Z. 
Preston,  W.  E. 
Provost,  A.  J.,  Jr. 
Provot  G. 
Raymond,  R.  M. 
Raynor,  R. 
Rogers,  O.  L. 
Schroeder,  J.  L. 
Skidnore,  S.  T. 
Small,  F.  M. 
Smith,  A. 
Smith,  F.  M. 
Stoughton,  C.  W. 
Waters,  G.  S. 
Wedeking,  E.  H. 
Weekes,  E.  F.,  1893. 
Weeks,  W.  H. 
Whitlock,  H.  P. 

Lichtenstein,  E.  G. 
Lowndes,  W.  S. 
McKleroy,  W.  H. 
Mann,  H.  B. 
Massa,  L.  F. 
Meikleham,  T.  M.  R. 
Montenegro,  M.  R. 
Parker,  H.  C. 
Pearce,  R. 
Pelton,  H.  C. 
Portuondo,  J. 
Post,  W.  S. 
St.  John,  T.  M. 
Steers,  J.  R. 
Thorne,  W.  L. 
Warren,  C.  P. 
Welch,  A.  McM. 
Welsh,  H.  F. 


Dunn,  G.  S. 
Eberhardt,  Wm.  G. 
Goodwin,  E. 
Htft^ley,  J.  F. 
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Holter,  N.  B. 
Hombostel,  H.  F. 
Keeler,  F.  8. 
Kinsey,  F.  W. 
LangthorDy  J.  B.* 
Leary,  Geo. 
Lilliendahl,  F.  A. 
Livingston ;  A.  R. 

Ansbacher,  L.  A. 
Anthon,  A.* 
Bergen,  C.  H. 
Bolles,  R. 
Burden,  H.,  2d. 
Casamajor,  G.  H. 
Clark,  Edmund.* 
Clarke,  W.  C. 
Covell,  E.  C. 
Curtiss,  C.  C. 
Dolan,  C.  F. 
Dufoureq,  E.  L. 
Durham,  E.  B. 
Dutcher,  B.  H. 
Fenner,  C.  N. 
Friedman,  8. 

Agelasto,  M.  A. 
Agramonte,  I.  E. 
Aldrich,  C.  H. 
Ayers,  W.  C. 
Behrmann,  G.  W. 
Bossange,  E.  R. 
Brooks,  W.  F. 
Canfield,  M.  C. 
Clark,  G.  H. 
Covell,  W.  8. 
Foster,  R.  G. 
Gonzalez,  A. 
Gregory,  L.  E. 
Hankinson,  A.  W. 

Acken,  B.  A. 
Barnett,  L.  K. 
Black,  Adolph. 


Mahl,  J.  T. 
Mann,  C.  R. 
Miller,  E.  H. 
Mora,  M.  L. 
Owens,  R.  B. 
Raymond,  A. 
Bkinner,  E. 

iSgz. 

GUlette,  H.  P. 
Granger,  A.  D. 
Harrison,  N. 
Hay,  A. 

Herckenrath,  W.  A. 
Jackson,  O. 
Kletchka,  J.  J. 
Knox,  C.  E. 
Livingston,  G. 
Longacre,  L.  B. 
Lord,  F.  R. 
Mcllhiney,  P.  C. 
McKinlay,  J.  B. 
Meisel,  F.  C.  A. 
Merz,  E. 

1893. 

Harte,  C.  R. 
Haskell,  H.  G. 
Hoyt,  R. 
Hume,  F.  T. 
Hyde,  F.  8. 
Jones,  J.  E. 
Kurtz,  E.  L. 
Langmuir,  A.  C. 
Liebmann,  A. 
McKee,  H.  8. 
Macy,  V.  E. 
Malukoff,  A.  J. 
Matthew,  W.  D. 
Newton,  T.  M. 

1894. 

Bogert,  M.  T. 
Chapman,  A.  W. 
Clark,  Leroy. 


8 trout,  W.  A. 
Thomas,  F.  C. 
Totten,  G.  O.,  Jr. 
Tiiska,  G.  R. 
Warren,  L. 
Watson,  R.  B. 
Wiener,  Wm. 


Parmly,  C.  H. 
Pierce,  F.  E. 
Reckhart,  G.  F. 
Reese,  W.  W. 
Ries,  H. 
Rosenthal,  A. 
8avage,  8.  M. 
Southard,  G.  C. 
Temple,  8.  J. 
Towart,  J. 
Van  Ingen,  D.  A. 
Werner,  H.  C. 
White,  R.  D. 
Windecker,  C.  N. 
Windolph,  A.  P. 


Oakes,  J.  C. 
Pederson,  F.  M. 
Pomeroy,  W.  A. 
Post,  R.  B. 
Prince,  A.  D. 
Provot,  F.  A. 
Putnam,  B.  R. 
Reynolds,  M.  T. 
Robinson,  F.  G. 
Schroter,  G.  A. 
8mith,  H.  A. 
Thompson,  8.  C. 
Tilghman,  H.  A. 
Tuttle,  W. 

Cokefair,  F.  A. 
Emery,  H.  G. 
Fellows,  Wm.  K. 


*.\HS(x;iate. 
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Folger,  E.  P. 
Frisbee,  H.  D. 
Fuentes,  Paul. 
Greene,  D.  J. 
Hamilton,  F.  C. 
Hanson,  B.  C. 
Harold,  A.  P. 
Hass,  £.  F. 
Jacobs,  H.  A. 
Jones,  £.  M. 
Kastner,  J.  0. 
Leeming,  T.  L. 
Libaire,  E.  W. 
McNeil,  C.  R. 
Masters,  H.  K. 

Alexander,  J.  A. 
Andrews,  W.  C. 
Arcber,  G.  F. 
Albert  son,  A.  H. 
Bamett,  L.  H. 
Bayles,  F.  P. 
Baldwin,  D.  H. 
Binion,  Joshua. 
Benedikt,  V.  M. 
Bijur,  Jos. 
Buck,  H.  W. 
Bultman,  H.  D. 
Candler,  D.  W. 
Carter,  B.  P. 
Coykendall,  E. 
Cox,  E.  V. 
Dobbins,  Max. 
Durham,  H.  W. 
Dewey,  F.  H. 
Evans,  I.  N. 
Fintel,  E.  A.  von,  Jr. 
Fletcher,  G.  W. 
Foerster,  David. 

Arden,  John  Lorillard. 
Auryansen,  Frederick. 
Benoliel,  Solomon  D. 
Burrill,  Percy  Morris. 


Messiter,  E.  H. 
Meyer,  Jofie. 
Mears,  G.  K. 
Morris,  B.  W.,  Jr. 
Murchison,    K.  M. 
Munroe,  M. 
Osterberg,  Max. 
Perrine,  Geo. 
Pope,  J.  R. 
Prince,  J.  L. 
Rennard,  J.  C. 
Rittenhouse,  C.  T. 
Searle,  C.  D. 
Seldner,  R. 
Self,  E.  D. 

1895. 

Fox,  M.  J. 
Gottsberger,  B.  B. 
Gartensteig,  Chas. 
Grace,  F.  J.  M. 
Herzig,  C.  S. 
Hun  toon,  L.  D. 
Horton,  C.  F. 
Hadden,  H.  S. 
Jarman,  Z.  H. 
Johnstone,  W.  B. 
Jobbins,  F.  H. 
Janes,  E.  H. 
Kirby,  G.  T. 
Kraemer,  H. 
Leo,  R.  L. 
Lum,  C.  H. 
McKinlay,  W.  B. 
Miller,  S.  O. 
Moisseieff,  L.  S. 
Moses,  P.  R. 
Moeller,  E.  J. 
MuUiken,  H.  B. 
Natkins,  I. 


Sherman,  G.  F.  G. 
Smith,  W.  F. 
Steinam,  J.  L. 
Stratton,  Alex. 
Taintor,  W.  N. 
Tennille,  G.  F. 
Tompkins,  J.  A. 
Vail,  L.  H. 
Vanderbilt,  W.  D. 
Vatable,  J.  J. 
Walker,  H.  V. 
Ware,  F.  B. 
Westervelt,  W.  Y. 
White,  T.  G. 


Ormsbee,  A.  F. 
Peugnet,  C.  P. 
Pinkfaam,  H. 
Portuondo,  J.  M. 
Pell,  F.  L. 
Peppmuller,  R.  H. 
Perrin,  H.  C. 
Pilcher,  L.  F. 
Reeve,  F.  C. 
Riker,  C.  L. 
Spaulding,  M.  B. 
Shattuck,  L.  R. 
Shrady,  C.  D. 
Sutton,  F. 
Stewart,  J.  H. 
Schell,  R.  M. 
Seward,  J. 
Thomas,  E.  H. 
Tucker,  S.  A. 
Walker,  F.  W. 
Whiting,  L. 


1896. 

Carney,  Edward  Joseph. 

Clark,  Allen  Jay. 

Corns tock,  Fredk.  Lacy. 

Darrach,  James  Musgrave  Aertsen. 
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Derleth;  Charles,  Jr. 

Dowie,  Horace. 

Drasel,  Charles. 

Franklin,  Lindley  Murray,  Jr. 

Godley,  Richard  David. 

Goldsmith,  Gold  win. 

Hawks,  Herbert  Durand. 

Heye,  George  Gustav. 

Holden,  Edwin  Chapio. 

Hyatt,  Chas.  Edward. 

Hyde,  Henry  St.  John. 

Lowenstein,  Joseph, 

McCaffery,  Richard  Stanislaus. 

McConway,  William  Lytle. 

MacGahan,  Paul. 

MacGregor,  Donald. 

Hesselbach,  Chas.  Valentine. 

Metzger,  Arthur. 

Monell,  Ambrose,  Jr. 

Montgomery,  Hardman  Philips  Alan, 

Morse,  George  Tremaine. 

Necarsulmer,  Edward. 

Of,  Charles. 

Painter,  Robert  Kitching. 

Palmer,  George  Quintard. 

Parker,  Richard  Alexander. 


Pemoff,  Joel. 

Perry,  Charles  Langdon. 

Prosser,  Herman  Alfred. 

Raymond,  William  Oakley. 

Regan,  Geo.  W. 

Riedel,  Arthur  Emil. 

Rodenburg,  Charles. 

Serber,  David  Charles. 

Sergeant,  Elliot  Mathews. 

Shire,  Edward  Isaac. 

Slichter,  Walter  Irvine. 

Stern,  Henry. 

Tachau,  William  Gabriel. 

Thyng,  William  Stevens. 

Toch,  Max  Bernard. 

Tompkins,  Edward  De  Voe. 

Townsend,  Samuel  George  Fitzhugh. 

Tubby,  Josiah  Thomas,  Jr. 

Uhlig,  William  Cullen. 

Van  Benthuysen,  Boyd. 

Van  Gelder,  Arthur  Pine. 

Van  Vleck,  Joseph,  Jr. 

Wells,  Dana  Clemmer. 

Witherell,  Charles  Shepard. 

Woodruff,  George  William  Lane. 


LIST  No.  2. 


This  list  embraces  the  members  of  the  Alumni  Association  of 
the  School  of  Mines  under  the  Constitution  of  that  body. 
It  is  urged  that  all  graduates  of  the  School  should  list 
themselves  under  this  group.  Names  not  found  here  are 
grouped  in  List  No.  3,  which  includes  graduates  who  are 
not  also  members.  All  graduates  are  requested  to  try  to 
make  and  keep  this  list  correct  and  accurate. 


(Revised  to  March,  1897.) 
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MEMBERS 

OF  THE 


Ainil  ASSOCIATION  OF  THE  SCHOOL  OF  US. 


A. 
Abeel,  George  Howard,  E.  M.,        ....         1883. 

Box  642  Hurley  Iron  Co.,  Wis.  Also  5  East  124th  St.,  New  York 
City. 
1883-84,  Chemist  Iron  ClifiFs  Co.,  Negaunee,  Mich.  1885-88,  Assistant  Man- 
ager Cli£fs  Co.,  Negaanee,  Mich.  1886-1887,  Supt.  Negannee  Gas  Light  Co., 
Mich.  1888-89,  Manager  Ironton  Iron  Mining  Co.,  Bessemer,  Mich.  1888-89, 
Agent  Pilgrim  Mining  Co.,  Bessemer,  Mich.  1889,  Supervisor  Bessemer  Town- 
ship, Gogebic  Co.,  Mich.  1889-92,  Agent  Ruby  Iron  Mining  Co.,  Bessemer, 
Mich.  1888  to  1895,  General  Manager  of  Montreal  River  Iron  Mining  Co., 
Hurley,  Wis.  1892  to  1894,  Vice-President  First  National  Bank,  Hurley, 
Wis.  1892  to  date,  Vice-President  Wisconsin  Mining  Supply  Co.,  Hurley,  Wis. 
1893,  Vice-President  and  General  Manager  Section  33  Iron  Mining  Co.,  Hurley, 
Wis.  1894,  Consulting  Engineer  Newport  Mining  Co.,  Supervisor,  Town  of 
Vaughn. 

Adams,  Randolph,  E.  M., 1883. 

Broken  Hill,  N.  S.  Wales,  Australia. 
1884-87,  Assistant  Superintendent  and  Superintendent  of  the  Silver  King 
Mine,  Silver  King,  Arizona.     1887-91,  engaged  in  Australia  as  Mining  Superin- 
tendent and  Mining  Expert,  and  now  Manager  of  the  Central  Broken  Hill  Mine, 
Broken  Hill,  N.  S.  Wales,  Australia. 

Agramonte,  Emilio,  C.  E., 1886. 

110  Lexington  Avenue,  New  York  City. 
Engineer  Department  of  Public  Works. 

Aldridge,  Walter  Hull,  E.  M.,       ....         1887. 

Manager  United  Smelting  and  Refining  Co.,  East  Helena,  Mon. 

Beginning  July,  1887,  Assay er  at  Colorado  Smelting  Co.,  Pueblo.     At  different 

times.  Chemist  of  Colorado  Smelting  Co.,  Pueblo.     August,  1890-91,  Assistant 

Superintendent  and  Metallurgist  of  Colorado  Smelting  Co.,  Pueblo.    Assistant 

Manager  United  Smelting  and  Refining  Co.     1893,  Manager  as  above. 

Allen,  Chas.  Sl^ner,  Ph.  B.,  M.  p.,        .         .        .         1874. 

Practicing  Physician. 

Allen,  Robert  Lawrence,  A.  M.,  E.  M.,  .         .  1888 

102  Cambridge  Place,  Brooklyn,  N.  Y. 
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Amy,  Ernest  Julius  Hyacinthe,  A.  B.,  E.  M.  .        .        1885. 

General  Manager,  San  Juan  S.  and  M.  Co.,  Durango,  Colo. 
1885-86,  Cbemist  and  Assayer  at  works  of  the  San  Joan  and  N.  Y.  M.  and  S. 
Co.,  at  Darango,  Colo.,  with  the  exception  of  4hree  months'  professional  visit  to 
Old  Mexico.     1886-^7,  Assistant  Manager  of  the  San  Juan  and  N.  Y.  M<  and 
8.  Co.,  at  Darango,  Colo.     1887-88,  Manager  of  the  Hazleton  Mountain  Mining 
Co.,  at  Silverton,  Colo.    J888  to  April  1, 1890,  Assistant  Manager  of  Works  of  the 
San  Juan  Smelting  and  Mining  Co.,  at  Durango,  Colo.    (The  S.  J.  S.  and  M.  Co. 
being  formed  by  the  consolidation  of  the  S.  J.  and  N.  Y.  M.  and  S.  Co.,  of  Da- 
rango and  the  Hazleton  Mt.  Mfg.  Co.,  of  Silverton,  Colo.)    Since  April  1,  1890, 
General  Manager  of  the  San  Juan  Smelting  and  Mining  Co.,  at  Darango,  Colo. 

Andrews,  Samuel  Wakeman,  Jr.,  Ph.  B.,  .        .        1890. 

Andrews,  Waters  &  Sherwin,  35  W.  Forty-second  Street,  New- 
York  City. 
1890-91,  Designing  with  TiffAny  Glass  and  Decorating  Co.,  New  York.     1891 
to  date,  member  of  above  firm. 

Ansbacher,  Louis  Adolph,  Ph.  B.,  .         .        .        .        1892. 

A.  B.  Ansbacher  &  Co.,  4  Murray  St.,  New  York  City  and  Ar- 
veme  L.  I.,  N.  Y. 

Anthon,  Archibald,  E.  E.  (Associate),      .         .         .         1892. 
13  West  35th  St.,  New  York  City. 

Appleby,  W.  R,  A.  B.  (Associate),    ....         1887^ 
Professor  of  Mining  and  Metallurgy,  School  of  Mining  and  Metal- 
lurgy, University  of  Minnesota,  and  911  PifbhSt.,  S.  E.,  Minne- 
apolis, Minnesota. 

Atha,  Henry  Gurney,  Ph.  B.,  A.  M.  (Williams),       .         1889^ 
756  High  St.,  Newark,  N.  J. 

Austen,  Peter  Townsend,  Ph.  B.,  Ph.  D.,         .        .        1872. 

Polytechnic  Institute,  99  Livingston  St.,  and  876  President  St. 
Brooklyn,  N.  Y. 
1878-80,  Assistant  Professor  of  Analytical  Chemistiy,  Rutgers  College.  1890- 
1889,  Professor  of  General  and  Applied  Chemistry,  Rutgers  College.  1891,  Super- 
intendent Manufactories  of  W.  J.  Matheson  &  Co.,  limited,  Ravenswood,  N.  Y^ 
1892,  General  Manager,  Ledoux  Chemical  Lahoratory.  1H93,  Professor  of  Chem. 
istry.  Polytechnic  Institute,  Brooklyn,  N.  Y. 

Austin,  Thomas  Septimus,  E.  M.,      ....        1876.. 

Chihuahua  Mining  Co.,  Chihuahua,  Mexico. 
1877-78,   in   Cuha  as  Chemist.     1879-80,   Assayer  Germania   Smelting  Co. 
1880-90,  Superintendent  Rio  Grande  SmalUngCa,  Socorro,  N.  M. 

B. 

Baker,  George  Lewis,  Ph.  B.,  ....        1888. 

Address  unknown. 
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Balch,  Samuel  Weed,  E.  M.,  .         .         .         .         ,         1883. 

Box  333,  Yonkers,  N.  Y.,  and  41  Wall  Street,  New  York  City. 
1863-84,  Ottis  Elevator  Co.     1884-86,  Mowing  Machines.     1886-89,  Garvin 
Machine  Co.,  Tools  and  Special  Machinery.     1889  to  date,  General  consulting 
practice   as    Mechanical    Expert    and    Patent   Attorney.    Specialty,    DiflScalt 
Mechanical  Problems. 

Baldwin,  William  M.,  Ph.  B.  (Life  Member)   .         .         1884. 

55  Beekman  Street,  New  York  City,  and  Garden  City,  Queens 

Co.,  N.  Y. 

Since  1885,  Chemist  for  the  New  York  Dye  Wood  Extract  and  Chemical  Co. 

Since  1888,  Vice-President  of  the  above  corporation,  and  at  present  having  charge 

of  their  nianafactnring  department. 

Banks,  John  Henry,  E.  M.,  Ph.  D.,  .         .         .         .         1883. 
104  John  Street,  New  York  City,  and  Boouton,  N.  J. 

1883-85,  Chemist  with  Ledonx  &  Ricketts,  New  York.  1885-91,  Private  As- 
sistant to  Prof.  Rickette,  School  of  Minds,  New  York,  in  general  analytical,  me- 
tallnrgical  and  mining  engineering  work.  1889-91,  Hon.  Fellow  in  Assaying, 
School  of  Miues.  1894  to  date,  in  partnership  with  Prof.  Ricketts,  at  above  ad- 
dress, in  general  chemical,  metallurgical  and  Mining  engineering  work,  with 
Ore  testing  Works,  at  Waverly,  New  Jersey,  for  determining  treatment  of  ores 
and  examination  of  processes. 

Barnard,  Edward  Chester,  E.  M.,  ....         1884. 

U.  S.  Geological  Survey,  Washington,  D.  C. 

Assistant  Topographer  and  at  present  Topographer  in  the  United  States  Geo- 
logical Survey,  1884-91.  Have  been  engaged  in  mapping  in  Virginia,  West 
Virginia  and  the  mountains  of  East  Kentucky.  1893,  Mapping  Northern  New 
York. 

Barnetf,  L.  H.,  E.  M., 1894. 

289  Columbus  Avenue,  New  York  Citv. 

Barratt,  Edgar  Grant,  C.  E., 1884. 

1123  The  Rookery,  Chicago,  III.,  and  Kenihvorth,  111. 

1884-88,  Engineer  for  The  Exhaust  Ventilator  Co.  1888  to  date,  President 
and  Proprieter  of  the  Exhaust  Ventilator  Co.  1891  to  date.  President  and  Gen- 
eral Manager  of  the  Variety  Manufacturing  Company.  Fill  the  above  positions 
at  present  and  am  consulting  Ventilating  and  Heating  Engineer. 

Barus,  Carl,  Ph.  D.  (Associate),        ....         1877. 
Brown  University,  Providence,  R.  I. 

Baxter,  George  Strong,  A.  B.,  E.  M.       .         .         .         1868. 

17  Broad  Street,  New  York  City. 

1878-79.  Civil  and  Mining  Engineer.  1880,  Cashier  N.  P.  R.  R.  1890,  Treas- 
urer N.  P.  R.  R. 
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Bayles,  Frederick  P.,  E.  M 1896. 

Chemist  Colorado  Fuel  &  Iron  Co.,  Sopris,  Colo.,  and  408  Main 
Street,  Orange,  N.  J. 
Cbemist  and  Assay er  for  the  Sonera  Copper,  Co.,  Sonora,  Old  Mexico. 

Beard,  James  Thom.,  E.  M.,  C.  E.,  .  .  .  ,  1877. 
304  Webster  Avenue,  Scran  ton,  Pa. 
1879-80,  Assistant  Engineer,  New  York  and  Brooklyn  Bridge.  1880-82,  As- 
sistant Engineer,  C.  6.  and  Q.  R.R.  1882-83,  Superintendent  Smoko  Hollow 
Mine,  Avery,  la.  1884-85,  Assistant  U.  S.  Dept.  Min.  Surveyor,  Aspen,  Colo. 
188&-91,  Engineer,  Whitebreast  Fuel  Co.,  Ottumwa,  la.  1891-92,  Manager 
Miller  Creek  Land  and  Lime  Co.,  Aspen,  Colo.  1892-93,  Secretary  and  Treas- 
urer, Eldon  Coal  and  Mining  Co.,  Ottumwa,  la.  1893  to  date,  Iowa  Mining  Ex- 
change, Ottumwa,  la.  1892-94,  Wrote  Beards  Ventilation  of  Mines j  published  by 
John  Wiley  &  Sons,  New  York  City. 

Bechstein,  Cha8.  a 1888. 

405  West  End  Avenue,  New  York  City. 

Beebe,  Alfred  L.  Ph.  B., 1880. 

Health  Department,  Criminal  Court  Building,  Centre  Street,  New 
York  City  and  44  Sanford  Avenue.  Flushing,  L.  T. 
1880-87,  inclusive,  Private  Assistant  to  Prof.  Ricketts,  School  of  Mines,  New 
York,  in  General  analytical  work,  especially  Mineral  Analyses.  Also  Assistant 
in  Assaying  and  Fellow  in  Chemistry,  in  1881-87,  inclusive.  1888-92,  Assistant 
Chemist,  New  York  Health  Department.  Since  September,  1892,  Bacterologist, 
New  York  Health  Department. 

Behrman,  George  William,  C.  E.,   .         .         .         .         1883. 

201  Ross  Street,  Brooklyn,  N.  Y. 
November,  1893,  to  January,  1894,  Transitman  and  Draughtsman,  w^ith  the 
Raub  Locomotive  Works  and  Land  Improvement  Company. 

Bellinger,  Hiram  Paulding,  C.  E.,  .         .         .         .         1887. 

Solvay  Process  Company  and   1721  W.    Genesee  Street,  Syra- 
cuse, N.  Y. 

Bemis,  Frederick  Pomeroy,  A.  B.,  E.  M.,         .         .         1885. 

109  West  3d  Street,  Davenport,  Iowa. 

Benedict,  William  de  Liesseline,  E.  M.,         .         .         1874. 

Welles  Building,  No.  18  Broadway,  Rooms  617  and  618,  New 
York  City,  and  282  Vanderbilt  Avenue,  Brooklyn,  N.  Y. 
1878-80,  Assistant  Superintendent  and  Superintendent,  Revere  Concentrating 
Co.,  Utah.  1880-81,  Assistant  Superintendent,  Germania  Smelting  &  Refining 
Co.,  Utah.  In  1882,  opened  an  office  in  New  York  City,  as  Consulting  Mining 
Engineer  and  Metallurgist,  and  have  since  been  engaged  in  examining  and  re- 
porting on  Mines  in  the  United  States,  Ontario,  Quebec,  British  Columbia, 
Mexico  and  England. 


24 
Benoliel,  Sol.  D.,  E.  E., 1896. 

Cods.  Elec.  Eng.,  1327  Broadway  and  120  W.  35th  Street,  New 
York  City. 

Benjamin,    Marcus,    Ph.  B.,  A.  M.  (Lafayette  1888)  1878, 
Ph,  D.  (Univ.  NashviUe,  1889)  (Life  Member). 

Editor,  U.  S.  National  Museum,  Washington,  D.  C. 
1878-82,  with  E.  6.  Benjamin,  dealer  in  Chemical  Apparatus.  1882,  Editor 
American  Pharmacist.  1883,  Editor  Weekly  Drug  New$,  May,  1883,  to  Jane, 
1885,  Chemist,  U.  S.  Laboratory,  New  York.  1884-86,  Lecturer  on  Chemistry, 
N.  T.  Woman's  Medical  College  and  Hospital  for  Women.  1885,  Sanitary  Engi- 
neer, N.  Y.  Board  of  Health.  1886-69,  Editorial  Staff,  Appleton's  Cyclopaedia  of 
American  Biography.  1890,  Editorial  Staff,  Engineering  and  Mining  Journal. 
1891-94,  Editorial  Staff  in  obaige  of  Chemistry,  Standard  Dielionary.  1894-95, 
Editorial  work  for  D.  Appleton  &  Co.  1895,  Editorial  Staff,  Johnwn^s  Univerml 
Cfychpaedia,  New  York.  1895-96,  at  the  Smithsonian  Institution,  and  since  April, 
1896,  Editor  U.  S.  National  Museum,  Washinrton,  D.  C.  At  various  times  on 
editorial  staffs,  of  Scientific  American,  1883-89 ;  Jndependant  Oil  Journal^  1886; 
and  on  technical  subjects  in  New  York  Daily  NewSj  1886-95  ;  New  York  Star, 
1890-91  ;  and  Pharmaceutical  Record,  1891  ;  also  of  Appleton' s  Annual  Cyelo- 
paedia  since  1883.  Other  work  includes  translation  of  Berthelot's  lectures  on 
*' Explosive  Materials"  (New  York,  1883)  ;  authorship  of  Druggist's  Circular, 
Prize  Essay  on  '*  Disinfectants,"  1885;  authorship  of  chapters  on  Mineral  Paints  in 
'*  Mineral  Resources  of  the  United  States,"  for  years  1884-86,  and  other  non- 
technical works.  Organized  the  Corresponding  Chapter  of  Chemistry  of  the 
Agassiz  Association  in  1892,  and  its  President  till  1896.  Life  fellow  of  the  Lon- 
don Chemical  Society,  and  of  the  American  Association  for  the  Advancement  of 
Science  ;  Member  of  Society  of  Chemical  Industry,  London,  and  of  American. 
Chemical  Society,  Member  of  International  Jury  of  Awards,  World's  Fair,  Chi- 
cago, 1893. 

Berry,  Wilton  Guernsey,  Ph.  B.,   .         .         .         .         1886. 
Health  Department,  New  Criminal  Courts  Building,  New  York 
City. 
1886-89,  Universities  of  Berlin  and  Heidelberg  and  General  Chemical  Research^ 
1889  to  date,  Assistant  Chemist,  New  York  Health  Department- 

Berry  George,  C.  E., 1888. 

78  Morton  Street,  Brooklyn,  N.  Y. 

Betts,  Eomeo  T.,  C.  E., 1890. 

191  Halsey  Street,  Brooklyn,  N.  Y. 

Bien,  Joseph  Rudolph,  E.  M.,  .        .         .        .        1887. 

140-142  6th  Avenue,  and  321  West  57th  Street,  New  York  City, 
N.  Y. 
1887-88,  Topographer, U.S.  Geological  Survey,  Survey  of  Geyser  Basins,  Yellow- 
stone National  Park.  1888-90,  Practice  as  Civil  and  Mining  Engineer,  firm  of 
Yermenle  &  Bien,  New  York  City.  1890-91,  Practice  as  Civil  and  Topographi- 
cal Engineer  alone.  New  York  City.  At  present.  Secretary  Julius  Bien  &  Co.,. 
Lithographers,  Engravers  and  Geographical  Publishers. 
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BixioN,  Joshua,  B.  S., 1895. 

G.  R.  R.  of  N.  J.,  Jersey  City,  N.  J.,  and  care   232  Madison 
Street,  New  York  City. 
Summer  of  1893.    YoliiDteer  Assistant  on  New  York  Speedway.    Summer  of 

1895,  Assistant  at  Summer  School  of  Surveying.  Columbia  University.    October 
9,  1895,  with  C.  B.  R.,  of  N.  J.  in  charge  of  Bound  Brook  depression. 

Black,  Adolph,  C.  E., 1894. 

1434  Lexington  Ave. ,  New  York  City. 
July  1,  1894,  to  July  1,  1896,  Assistant  in  Department  of  Civil  Engineering, 
under  Professor  Burr,  School  of  Mines,  Instructor  Summer  School  of  Surveying, 
summers  of  1893,  1894  and  1895.  Instructor  Summer  School  of  Astronomy  and 
Geodesy,  summer  1895,  State  Inspector  N.  Y.  State  Tenement  House  Commission 
1894.  Instructor  in  Mechanical  Drawing,  Y.  M.  C.  A.,  23d  Street  Branch,  1894- 
95,  and  1895-96.    Sanitary  Engineer  for  New  York  Department  Public  Parks, 

1896.  Designing  Engineer  for  New  York  Department  Public  Works,  1896. 

Blake,  Edwin  Mortimer,  E.  M.,  Ph.  D.  (1893).        •        1890. 

Instructor  in  Mathematics,  Purdue  University,  Lafayette,  Ind., 
also  230  Washington  Ave.,  Brooklyn,  N.  Y. 

Bleecker,  C.  p., 1881. 

446  Avenue  E.  Bayonne,  N.  J. 

Blossom,  Francis,  C.  E., 1891. 

Westinghouse  Church,   Kerr  &  Co. ,  26  Cortlandt  Street,   New 
York  City,  and  440  Henry  Street,  Brooklyn,  N.  Y. 
1891-92,  Engineer  with  G.  W.  Hunt  Co.     1892,  Assistant  Engineer  Equity  Gas 
Works  Construction  Company.     1893,  as  above. 

BLYDENBtJRGH,  Charles  Edward,  A.  B.,  A.  M.,  E.  M.,      1878. 

Mining  Expert  and  Prospector,  Box  180,  Bawlings,  Wyoming. 

Bodelsen,  Oscar,  E.  M., 1884. 

Cons.  Gas  Co.,  Foot  West  44th  Street  New  York  City,  and  Po- 
cantico  Hills,  N.  Y. 

B(ECKLiN,  Werner,  Jr.,  C.  E.,  ,         .         .         .         .         1891. 

Chief  Engineer's  Office,  Penna.  Company,  Pittsburgh,  Pa. 
January  to  May,  1893,  ran  level  on  preliminary  (150  miles),  H.  &.  E.  Exten- 
sion, C.  O.  &  S.  W.  Railway,  in  charge  of  all  profiles  and  estimates  undes  Chief 
Engineer.  1894,  Inspector  for  Massachusetts  Highway  Commission  on  State 
Highway.  Assistant  Engineer  in  charge  of  erection  of  Stone  Crushing  Plant  at 
Rock  Hill,  N.  J.,  1895. 

BoGERT,  Marston  T.,  Ph.  B.,  a.  B.,  .        .        .        .         1894. 

School    of   Mines,    Columbia    University,   and  259  Broadway, 
Flushing,  Queens  County,  L.  I. 
Awarded  University  Fellowship  in  Chemistry  for  1895,  but  resigned  to  accept 
position  of  assistant  in  Organic  Chemistry. 
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Book,  Dwight  Dana,  C.  E.,  E.  E.  (1892),        .        .        1890. 

159  Washington  Park,  Brooklyn,  N.  Y. 

Bookman,  S.  (Associate)  Ph.  D.,  M.  A.       .         •         .         1891. 
9  East  62nd  Street,  New  York  City. 

BooR.£M,  BOBERT  Elmer,  E.  M.  (Life  Member),         .         1888. 

2  East  15th  Street,  New  York  City. 
1879,  Aamyer,  general  work  in  Leadville,  Colorado.  1880-87,  Assistant  Super- 
intendent, afterward  manager,  Evening  Star  Mining  Co.,  Morning  Star  Consoli- 
dated Mining  Co.  and  others  at  Leadville,  Colorado,  Lead-silver  Mines.  Also  in 
charge  Farwall  Con.  M.  Co.,  Gold  Mines  at  Independence,  Colorado.  1887-90, 
General  Manager  Bine  Bird  Mining  Co.,  Ltd.,  Butte,  Montana,  Operating  90- 
Stamp  Mill,  Dry  Crushing,  Chloridizing,  Amalgamating  Process.  1891,  General 
Consulting  Mining  Engineer  and  Consulting  Director  in  Gold,  Silver  and  Lead- 
Mining  Companies,  of  which  a  Specialty  is  made.  Also  Mine  Operator  and 
owner,  Silver  Mines  at  Aspen,  Colorado. 

Boyd,  Richard  Charles,  Ph.  B.,  A.  M.  (1892),        .        1891. 

44  W.  88th  Street.,  New  York  City. 

Bradley,  Stephen  Rowe,  Jr.,  Ph.  B.,       .         .        .        1890. 

Orangeburg  and  Nyack,  N.  Y. 
July,  1891  to  1894,  Secretary  and  Treasurer  Union  Electric  Co.    January,  1894. 
Secretary  and  Treasurer  The  Arlington  Manufacturing  Co.,  New  York  City. 

Braschi,  Victor  Manuel,  Ph.  B.,  E.  M.,  C.  E.,         .        1881. 

Apartado  830,  City  of  Mexico,  Mex. 
June,  1884,  to  October,  1884,  Inspector  of  New  York  Tenement  House  Com- 
mission. October,  1884,  to  May,  1885,  Interpreter  and  Secretary  to  Governor 
Chilian,  Commissioner  to  Visit  and  Report  on  American  Mining  and  Smelting. 
May,  1885,  to  October,  1885,  Employed  by  Rend-Rock  Powder  Co.  in  Flood  Rock 
Explosion  Work.  October,  1885,  to  January,  1889,  Assistant  Consulting  Engi- 
neer and  in  Charge  Foreign  Business,  Rand  Drill  Co.  January,  February,  March, 
1889,  Reporting  on  Mines  in  Mexico  for  above  Co.,  and  for  three  years,  from 
April,  1890,  to  April,  1893,  engaged  in  introducing  Rank  Rock  Drilling  Ma- 
chinery in  Mexican  Mines.  In  April,  1893,  arranged  to  open  a  general  Mining 
Machinery  and  Supply  business,  in  the  City  of  Mexico,  in  which  I  am  at  present 
engaged. 

Brereton,  Thomas  J.  A.  B.,  1879,  C.  E.,  .        .        .        1883. 

Engineer  Cumberland  Valley  Railroad  and  5th  Avenue,  Cham- 
bersburg,  Pa. 
1979,  Rodman  on  Location  of  Redstone  Br.  P.  R.  R.  1880  and  1880  (Summers) 
on  New  York  State  Geodetic  Survey  of  Adirondacks.  1883-85,  Leveller  P.  R.  R. 
Clearfield  Co.  Surveys  and  Construction.  On  Corps  of  Engr.  M.  of  W.  P.  R. 
1888-89,  Assistant  Supervisor,  P.  R.  R.  1890-92,  Supervisor  Tyrone  Div.,  P.  R. 
R.    1893,  Engineer  Cumberland  Valley  Railway. 

Brewster,  Henry  Drapes  (Associate^,       .         .         .         1883. 
Care  Brewster  &  Co.,  49th  Street  and  Broadway,  New  York  City. 
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Brinlet,  John  Rowlett,  C.  E.  ....        1884. 

Morrifltown,  N.  J. 
1884-88,  Department  of  Public  Works,  New  York  City.     1888  to  date,  Civil 
and  Sanitary  Engineer. 

Brixton,  Nathaniel  Lord,  E.  M.,  Ph.  D.,        .        .         1879. 

41  East  49th  Street,  New  York  City. 
Assistant  of  Geology,  School  of  Mines,  1879-1887.  Instructor  in  Botany,  Co- 
Ininbia  TJniveiBity,  1887-1890.  Adjunct  Professor  of  Botany,  Columbia  Univer- 
sity, 1890-1891.  Assistant  Geological  Survey  of  New  Jersey,  1880-1887.  Bot- 
iinist,  Ge6logical  Survey  of  New  Jersey,  1881,  1890.  Field  Assistant,  XJ.  S. 
Geological  Survey,  1882.  Professor  of  Botany,  1891.  Specialty — Systematic 
Botany.    Director-in-Chief  New  York  Botanic  Garden. 

Brosnan,  Francis  Xavier,  C.  E 1891. 

146  W.  74th  Street,  New  York  City. 

Brown,  Francts  G.,  E.  M., 1867. 

Merchant,  15  Whitehall  Street  and  462  Le^ngton  Avenue,  New 
York  aty. 

Browning,  John  H.  Brower,  M.  D.  (Associate),  .  1880. 
Smithstown,  L.  I.,  N.  Y. 
College  of  Physicians  and  Surgeons  of  City  of  New  York,  in  year  1882.  After- 
wards AsBistant  Physician,  New  York  City  Insane  Asylum,  Ward's  Island,  1882- 
83.  House  Physician  and  Surgeon  to  St.  Francis  Hospital,  1883-85.  At  date, 
Memher  County  Medical  Society  of  New  York,  Memher  Physicians'  Mutual  Aid 
Association,  Fellow  American  Geographical  Society,  and  Assistant  to  Chair  in 
Surgery,  New  York  Polyclinic,  Medical  Examiner  for  Preshyterian  Board  of  For- 
eign Missions,  General  Practitioner  of  Medicine  and  Surgery. 

Brown,  Robert  Gilman,  E.  M.,        ....        1889. 

Standard  Consolidated  Mining  Co,  Bodie,  Cal. 

Brugman,  William  Frederic,  Ph.  B.,        .         .         .         1880. 
One  Hundred  and  Forty-fourth  Street  and  Southern  Boulevard, 
New  York  City  and  Los  Angeles,  Cal. 

Bryce,  William,  Jr.,  Ph.  B., 1884. 

40  W.  54th  Street,  New  York  City. 

Buckley,  Charles  Ramsay,  A.  B.,  A.  M.,  E.  M.,       .         1877. 
29  Broadway,  New  York  City. 

Burden,  Henry  2d,  A.  B.,  Ph.  B.,         ....     1892. 

Cazenovia,  N.  Y. 

Burns,  Abraham  Lincoln,  E.  M.,        ....     1887. 

Member  of  Firm,  Trask  Bums  &  Co.,  99  Ceder  St.,  New  York 
City. 
Since  November,  1887,  with  Messrs.  Jabez  Bums  &  Sons  (Millwrights  and 
JMbchinists,  and  Manufacturers  of  Patented  Machines  for  Treating  CofFee  and 
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Spices).  Since  July,  1690,  in  above  firm.  Professional  work  has  been  general 
shop  dranghting  and  machine  design,  and  arranging  machines  and  power  trans- 
mission in  cofFee  establishments. 

Burns,  Elmer  Z.,  E.  M., 1887» 

Niagara  Falls,  N.  Y. 
1887-88,  Engineer  and  Chemist  for  the  Pittsburgh  and  Lake  Angeline  Lron  Co. 
1889-90,  Assistant  Electrician  for  the  United  States  Electric  Light  Company. 
1890-91,  Assistant  Electrician  for  the  Mather  Electric  Company.  1891-93,  City 
Engineer  of  Niagara  Falls,  and  Consulting  Engineer  for  the  Lewiston  and  Youngs- 
town  R.  R.  Company,  for  the  North  Tonawanda  Street  Railroad  Company,  and 
for  the  Niagara  Falls  and  Suspension  Bridge  Railroad  Company. 

BURRTTT,  WiLMOT  WoODWARD,  Ph.  B.,  ...      1884. 

Chemist,  Englewood,  N.  J. 

Bush,  Edward  Renshaw,  E.  M., 1881. 

Mining  Engineer,  with  Ricketts  and  Banks,  104  John  St.,  New 
York  City. 

Butler,  Nathaniel,  E.  M., 1880. 

51  Cedar  St.,  Room  7,  New  York  City,  and  Glen  Ridge,  Bloom- 
field,  Essex  Co.,  N.  J. 
1880-82,  U.  S.  Harbor  Improvement  and  Railroad  Engineering.     1882-94,. 
Barlow's  Insurance  Surveys  as  Surveyor,  Superintendent  and  Executive. 

Butler,  William  Curtis,  Met.  E.,       .         .         .         .     1887. 

Everett,  Washington,  and  165  Hamilton  Ave.,  Paterson,  N.  J. 
1887-89,  Assayer,  El  Paso  Smelting  Co.,  El  Paso,  Texas.  1889-90,  Chemist, 
afterward  Assistant  Superintendent,  Arkansas  Valley  Smelting  Co.,  Leadvllle,. 
Colo.  1890,  Chemist,  now  Assistant  Manager,  Aurora  Iron  Mining  Co.,  Superior 
Mining  Co.,  Comet  Mining  Co.,  Palone  Iron  Mining  Co.,  Penokee  and  Gogebic 
Development  Co.  (Operating  Colby  and  Tilden  Mines).  Also  in  chai^ge  Iron  wood 
Electric  Co.,  Gobebic  Electric  Co.  1892,  Superintendent  Monte  Cristo  Mining 
Co.,  Seattle,  Washington.  1893,  Manager  Puget  Sound  Reduction  Co.  1894, 
President  and  Treasurer  Puget  Sound  Reduction  Co. 

Butler,  Willard  Parker,  E.  M.,  LL.  B.  (Life  Member),   1878. 
Counsel  in  Patent  Causes,  59  Wall  St.,  and  143  East  36th  St., 
New  York  City. 

o 

Cady,  Linus  Bertram,  E.  M.,  C.  E.,     .         .         .         .     1877. 

327  Fifth  Ave.,  New  York  City. 

Calman,  Albert,  Ph.  B.,  Ph.  D., 1882. 

7  W.  75th  Street,  New  York  City. 

Canfield,  Augustus  Cass.,  E.  M.;  ....  1877. 
Caxfield,  Frederick  A.,  A.  B.,  A.  M.,  E.  M.,       .        .     1873* 

Mining  Engineer,  Dover,  N.  J. 
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Carson,  James  Petttigru,  E.  M., 1868. 

16  Exchange  Place,  New  York  City,  and  Dean  Hill  Oaky,  P.  O. 
S.  Ca. 

Carter,  B.  P.,  E.  M., 1895. 

Crown  Deep  Mine,  Ltd.,  P.  O.  Box  771,  Johannevsbiirg,  S.  A.  R. 
December,  1895,  to  date,  Surveyor  and  Aseayer  of  the  Crown  Deep,  Ltd. 

Casamajor,  George  IL,  C.  E., 1892. 

141  East  25th  Street,  New  York  City,  and  372  Greene  Ave.,  Brook- 
lyn, N.  Y. 
1892-May,  1893,  with  the  Railroad  Gazette^  N.  Y.  May-September,  1893,  with 
C  B.  Brush,  Hoboken,  N.  J.  as  Transitman,  Levelman,  etc.  October,  1893- Jann- 
ary,  1896,  with  the  East  River  Gas  Company,  N.  Y,  February-May,  1896,  En- 
gineer Inspector  D.  P.  W.,  N.  Y.  May,  1866,  became  a  partner  in  the  Bacheller 
Newspaper  Syndicate,  occupied  in  literary  and  editorial  work. 

Casey,  Edward  Pearce,  C.  E.,  Ph.  B.  (1888),     .         .     1886. 

Architect,  171  Broadway  and  The  Alpine,  55  West  Thirty-third 

St.,  New  York  City. 

With  McKim,  Meade  &  White,  Architects,  New  York  City,  until  January,  1890. 

Abroad,  and  Student  in  L'Ecolo  National  des  Beaux  Arts,  Paris,  from  February, 

1890,  until  September,  1893.     Five  mentions  in  Architecture,  and  a  medal  in 

Modeling.    At  present  Architecture,  171  Broadway,  New  York  City. 

Cauldwell,  John  Britton,  C.  E.,        .        .        .         .     1877, 

Century  Club,  7  West  Forty-third  St. ,  New  York  City. 

Channing,  John  Parke,  E.  M., 1883, 

34  Park  Place,  New  York  Citv. 
1893,  Chemist  Hudson  River,  O.  and  I.  Co.  1884,  with  S.  E.  Cleaves  &  Son, 
Manufacturers  of  Mining  Machinery,  Houghton,  Mich.  1884-95,  Assistant 
Mining  Engineer  Tamarack  Mine,  Calumet,  Mich.,  Dep.  Comm.  Mineral  Statis- 
tics, Michigan.  1885-86,  Superintendent  Honduras  Land  and  Navigation  Co. 
1886-87,  Exploring  for  iron  on  the  Gogebic  Range,  and  Mining  Engineer  for  Mil- 
waukee, L.  S.  and  Western  Railway,  Superintendent  Iron  Belt  Mine.  1887-90, 
Inspector  of  Mines,  Gogebic  Co.,  Mich.  1790-92,  Superintendent  East  New  York 
Iron  Co.,  Ishpeming,.  Mich.  1892-1893,  Superintendent  Iron  Exploration  Co., 
C.  M.  and  St.  P.  Railway.  Assistant  to  General  Manager  Calumet  and  Hecla  Min- 
ing Company,  1894,  Consulting  W^ork,  1894,  to  date. 

Chester,  Albert  Huntington,  A.  M.,  E.  M.,  Sc.  D.,  Ph.D.,  1868. 

Professor  of  Chemistry  and  Mineralogy,  Rutgers  College,  and  35 
College  Avenue,  New  Brunswick,  N.  J. 
Professor  of  Chemistry  at  Hamilton  College  from  1870  and  Mineralogy  from 
1878  to  1891.  Conducted  the  Analytical  Laboratory  there  from  1871.  Chemist 
New  York  State  Board  of  Health,  1882.  Examined  and  reported  on  Mines  of 
iron,  goldf  silver,  lead  and  zinc,  in  Michigan,  Minnesota,  Ontario,  Arkansas, 
Colarado,  Utah,  Nevada,  California  and  Nova  Scotia.  Analytical  work  has  been 
largely  in  two  lines,  viz.,  for  iron-blast  furnaces  and  of  paints  and  varnishes. 
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Field  work  has  been,  a  great  part  of  it,  in  the  iron  mines  of  Minnesota  and  the 
gold  mines  of  Ck>lorado.  Now  engaged  in  cbemioal  work  for  the  State  Geological 
Survey  of  New  Jersey. 

Church,  Elihu  Dwight  Jr.,  E.  M.,      ....     1887» 

Church  and  Co.,  Trenton,  Wayne  Co.,  Mich. 
1887-88,  Fellow  Qoalitative  Analysis  Sdiool  of  Mines.      1888-89,  Assistant 
Superintendent  of  Lead  Mine  and  Conoentraring  Works.     1889-91,  with  Charch 
&  Co.,  in  chaiige  of  experimental  plant. 

Church,  John  Adams,  A.  M.,  E.  M.,  Ph.  D.,        .        .     1867. 

Com  Exchange  Building,  11  William  Street,  and  1350  Madison 
Avenue,  New  York  City,  Cable  address  Scotist,  N.  Y. 

Clark,  A.  J.,  E.  M., 1896. 

Tenn.  Coal,  Iron  and  R.  R.  Co.,  Blockton,  Ala.,  and  care  of  B.  S. 
Clark,  Box  158  New  York  City. 

Clark,  Diego  Lombuxo,  C.  E., 1890. 

Cardenas,  Cuba. 

Clark,  Edmund  (Associate), 1892. 

Health  Dept.,  Criminal  Court  Bldg.,  Centre  and  Franklin  Streets, 
and  148  East  34th  Street,  New  York  City. 
From  August,  1892,  to  August,   1895,   Assistant  Chemist,   Homestead  Steel 
Works,   Carnegie  Steel  Co.,  Pittsbuig,  Pa.     Since  August  1,  1895,  Assistant 
Chemist,  Board  of  Health,  New  York  City. 

Clark,  Edwin  Perry,  E.  M., 1880. 

Title  Guarantee  and  Trust  Co. ,  26  Court  Street,  and  464  Second 
Street,  Brooklyn,  N.  Y. 
1880-83,  Engineer  and  Surveyor  for  Silver-Cord  Combination,  and  Robert  £. 
Leo  Mining  Companies,  Leadville,  Colo.  1883-84,  Medical  student.  1884  to 
date,  Assistant  Superintendent  and  afterwards  Superintendent  Title  Guarantee 
and  Trust  Company,  55  Liherty  Street,  New  York,  and  26  Court  Street,  Brooklyn. 
In  diarge  of  construction  and  maintenance  of  locality-indexes  of  Real  Estate  Re- 
cords of  New  York,  Kings  and  Westchester  counties,  N.  Y. 

Clark,  Franklin  Sinclair,  E.  M.,  Ph.  D.,    .        .         .     1885* 

Carolina  Oil  and  Creosote  Co.,  Wilmington,  N.  C,  and  527  Madi- 
son Avenue,  N.  Y.  City. 
1885-87,  Chemist  to  Femoline  Chemical  Co.,  Charleston,  S.  C.     1887  to  date, 
Proprietor  of  Southern  Chemical  Works  and  consulting  chemist  for  the  Carolina 
Oil  and  Creosote  Co.,  Wilmington,  N.  C.    Specialty,  Distillation  of  Wood  and  re- 
fining products  and  creosoting  wood. 

Clark,  George  Hallett,  C.  E., 1893. 

59  E.  Sixty-seventh  Street,  New  York  City. 
1893-94,  Transitman  Metropolitan  Traction  Co.,  Lexington  Ave.  Cahle  Con- 
struction.   Assistant  Engineer  in  charge  construction  Lexington  Avenue  Cahle 
Road.    Assistant  Engineer  D.  D.  I.,  from  June  1,  1896,  to  date. 

Clark,  William  C,  M.  E., 1892» 

Sterling  I.  and  Ry.  Co.,  Sterlington,  Rockland  Co.,  N.  Y, 


81 
CoK£FAiR,  Francis  A.,  C.  E., 1894. 

66  Broadway,  New  York  City,  and  119  Cresent  Ave.,  Plainfield, 

N.  J. 

Colby,  Albert  Ladd,  Ph.  B., 1881. 

The  Bethlehem  Iron  Co. ,  South  Bethlehem,  Pa. 
1881-^  AssiBtant  to  Prof.  C.  F.  Chandler  on  New  York  State  Board  of 
Health  Bnrean  of  Chemical  Analysts.  1883-86,  Instniotor  in  Qaantitative 
Analysis  and  Chemical  Philosophy  in  the  Lehigh  University,  Sonth  Bethlehem,  Pa. 
1886--92,  Head  Chemist  of  the  Bethlehem  Iron  Co.  1893,  to  date,  Metallnrgical 
Engineer  same  Company,  Sonth  Bethlehem,  Pa.  Specialty,  Metallnrgy  of  Iron 
and  Steel. 

Colby,  Charles  Edwards,  E.  M.,  C.  E.,       .         .        .     1877. 

Adj.  Professor  Organic  Chemistry,  Columbia  University  School  of 
Mines,  New  York  City. 

Cole,  Harold  Morris,  E.  M.,  C.  E.,    .        .        .         .     1887. 

Care  United  8.  and  R.  Co. ,  East  Helena,  and  1045  N.  Warren  St. , 
Helena,  Montana. 

CoLTON,  Charles  Adams,  E.  M.,  ....     1873. 

368-371  High  Street,  and  57  Broad  Street,  Newark,  N.  J. 
1873-82,  Assistant  in  Mineralogy,  School  of  Mines,  Colnmhia  College,  New 
York.     1881^-84,  Professor  of  Chemistry  and  Mineralogy,  Rose  Polytechnic  In- 
siitnte,  Terre  Hante,  Indiana.     1884  to  date.  Director  and  Instructor  in  Chemistry 
and  Physics,  Newark  Technical  School. 

CoNANT,  Henry  Dunning,  E.  M.,  ....     1886. 

Address  unknown. 
1886-88,  Assistant  Engineer  Tamarack  and  Osceola  Mines,  Lake  Superior, 
and  H.  and  C.  R.  R.  1888-89,  Assistant  Engineer  on  Preliminary  of  Northern 
Michigan  Railroad.  1889,  Assistant  in  Chief  Engineer's  Office,  BnfEalo  and 
Geneva  Railway.  1889-91,  Assistant  and  Resident  Engineer  Norfolk  and  Western 
Railroad,  in  charge  of  Preliminary  Location  and  Construction.  1891,  Engineer 
Coebum  Land  and  Improvement  Co.  1893,  Assistant  Engineer  N.  Y.,  N.  H.  & 
H.  Ry.    1894,  Assistant  Engineer  Plaza  de  Oro  Mining  Co.,  Eodador,  S.  A. 

CoNGDON,  Ernest  Arnold,  Ph.  B.,  F.  C.  S.,  .        .     1887. 

Professor  of  Chemistry,  Drexel  Institute  Arts,  Science  and  In- 
dustry, and  1336  Spruce  Street,  Philadelphia,  Pa.,  or  care  H. 
M.  Congdon,  18  Broadway,  New  York  City. 
1887-89,  Chemist  to  Champlain  Fibre  Co.,  Wi]lsborough,  New  York.     1889, 
Studied  at  the  University  of  Berlin,  Summer  Semester.     1889  to  date,  Instructor 
in  Qualitative  Analysis  and  Assaying  at  the  Lehigh  University.     1891,  Professor 
of  Chemistry  in  the  Drexel  Institute  of  Arts,  Scienees  and  Industries,  Philadel- 
phia, Pa. 

Cooper,  William  Hamilton,  Ph.  B.  (Life  Member),  .     1882. 

Address  unknow^n. 
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Corcoran,  John  Thomas,  E.  M.,  S.  E.,         ...     1884. 

131  Smith  Street,  Brooklyn,  N.  Y. 

Cornwall,  Henry  Bedinger,  A.  B.,  A.  M.,  E.  M.,  Ph.  D.,  1867. 

Professor  Analytical  Chemistry  and  Mineralogy,  College  of  New 
Jersey,  and  51  Nassau  St.,  Princeton,  N.  J. 

Cornwall,  Harry  Clay,  E.  M., 1879. 

Commonwealth  Insurance  Co. ,  Nassau  Street,  New  York  City. 

Cox,  Jennings  Stockton,  Jr.,  Met.  Eng.,     .        .        .     1887. 

902  Lewis  Block,  Pittsburgh,  Pa. 
1887,  Government  Survey  for  Canal  between  Harlem  and  Hudson  River.     1888- 

1889,  Homestead  Steel  Works,  Draughtsman  and  afterward  Assistant  Master 
Mechanic.  1890,  Inspected  oonstniction  of  Steamer  "Sezurania"  and  **Vigi- 
lanoia"  for  the  U.  S.  and  B.  M.  S.  S.  Co.,  at  Roach's  Shipyard,  Chester,  Pa. 

1891,  Reporter  for  same  Company  on  Engineering  matters  along  the  Brazil  coast. 

1892,  with  same  Company  in  New  York.  1892,  Assistant  Sn^lerintendent  Aurora 
Iron-Mining  Company,  Ironwood,  Michigan.  1893,  Assistant  Superintendent 
Monte  Cristo  Mining  Co.,  Pride  of  the  Mountain  Mining  Co.,  Rainy  Mining  Co., 
and  United  Concentration  Company.  1894,  Professional  work  in  New  York  and 
Cuba.     1895,  Agent  Crocker- Wheeler  Electric  Co.,  Pittsburg,  Pa. 

COYKENDALL,  EdWARD,  C.  E., 1895. 

Roudout,  N.  Y. 

Cramer,  Stuart  W.,  E.  M.  (^Associate),  .  .  .  1889. 
Manager  The  D.  A.  Tomkins  Co.,  Charlotte,  N.  C. 
Graduate  of  United  States  Naval  Academy  ;  resigned  from  the  United  States 
Navy,  September,  1888.  Graduate  student  at  School  of  Mines,  1888-89.  As- 
say er  in  chaise  of  the  United  States  Assay  Office,  Charlotte,  N.  C,  1889-93. 
Special  agent  for  collection  of  statistics  on  gold  and  silver  for  the  Southern  States, 

1890.  March  10,  1893,  to  present  time,  Engineer  and  Chemist  for  the  D.  A. 
Tompkins  Company,  General  Engineers  and  Contractors,  of  Charlotte,  N.  C. 
Special  correspondent  of  Engineering  and  Mining  Journal.  Specialty  :  Westing- 
house  system  of  electric  lighting  and  transmission  of  power. 

Crocker,  Fbtancis  Bacon,  E.  M., 1882. 

Professor  Electrical  Engineering,  Columbia  University  School  of 
Mines,  and  110  West  39th  Street,  New  Y^ork  City. 
1882-86,  Electrical  Engineer  and  Inventor.  1886-87,  Vice-President  and  Elec- 
trician of  **C.  and  C."  Electric  Motor  Co.  1887-89,  Vice-President  and  Electri- 
cian Crocker- Wheeler  Electric  Motor  Co.  1889-92,  Instructor  in  Electrical 
Engineering,  School  of  Mines,  Columbia  University.  1892,  Adj.  Professor.  1893, 
Professor. 

CusHMAN,  Alexander  Ramsey,  Ph.  B.,  Ph.  D.,     .         .     1878. 

Assistant  Analytical  Chemistry,  Columbia  University  School  of 
Mines,  and  128  E.  Sixteenth  Street,  Xew  York  City. 
1878-80,  Post  Graduate  study  at  the  School  of  Mines,  for  degree  of  Ph.  D. 
1880-82,  in  Colorado,  visiting  mines  and  smelters.     1882-90,  engaged  in  pursuing 
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chemical  studies  and  lecturing  on  geology.     1890  to  date,  Assistant  Instructor 
in  Qualitative  Laboratory  at  the  School  of  Mines,  Columbia  University. 

D. 
Darwin,  Harry  Gilbert,  C.  E., 1887. 

Room  23,  160  Broadway,  New  York  City,  and  Glen  Ridge,  N.  J. 
June,  1887,  to  October,  1887,  Rodman  and  Leveller  on  Railroad  field  work  in 
New  York  State.  October,  1887,  to  May,  1888,  Draughtsman  Strong  Looomotive 
Co.,  New  York  City.  August,  1888,  to  date,  Assistant  Engineer  and  Acting 
Superintendent  Safety  Car  Heating  and  Lighting  Co.,  New  York  City.  Erection 
of  special  gas  works,  and  equipment  of  railroad  cars,  etc.  P.  Asst.  Aug.  S.  C.  H. 
L.  Co. 

Davis,  Charles  Henry,  C.  E., 1887. 

Room  306  Fidelity  and  Casualty  Building,  99  Cedar  Street,  New 
York  City. 
Expert  Course  and  Thompson-Houston  Electric  Co.,  Lynn,  Mass.,  summer 
1887.  Agent,  I-awyer  Mann  Electric  Co.,  winter  1887-88.  Supt.  selling  and 
construction  New  York  office  S.  M.  Electric  Co.,  summer  and  winter  1888.  Agent 
Westinghouse  Electric  Company,  winter  1889.  Consulting  and  Supervising 
Electrical  Engineer  from  May,  1889,  to  date. 

Davis,  John  Woodbridge,  C.  E.,  Ph.  D.,      .         .         .     1878. 

Principal  Woodbridge  School,  417  Madison  Avenue  and  25  West 
119th  Street,  New  York  City. 

Deghuee,  Joseph  Albert,  Ph.  B.,  A.  M.,  (1892)  Ph.  D., 

(1893) 1890. 

Health  Dept.,  New  York  City,  and  247  Harrison  St.,  Brooklyn, 
N.  Y. 
Assistant  Demonstrator  in  Pliysics  and  Chemistry,  Collie  of  Physics  and  Sur- 
gery, to  March,  1896.     March,  1896,  to  date,  Assistant  to  Chemist  New  York  City 
Health  Department. 

Delamed,  Augustus  Floyd,  Ph.  D.  (Associate),  .    .  1869. 

University  Club,  New  York  City. 

DeLuze,  Louis  Philippe,  C.  E., 1879. 

DeLuze  &  Emmett,  Kngineei*s  and  Surveyors,  Xew  Rochelle,  N.  Y. 

Denton,  Frederick  Warner,  C.  E.,     .         .         .         .     1884. 

University  of  Minn,  and  1100  5th  St.,  Minneapolis,  Minn. 
1889-90,  Fellow  in  Engineering,  School  of  Mines.    1890-94,  Professor  of  Mining 
and  Civil  Engineering,  Michigan  Mining  School,  and  in  general  practice  of  en- 
^neering.     1894  to  date,  Mining  Engineer  Minnesota  Iron  Co.    Secretary  of  the 
Lake  Superior  Mining  Institute  since  its  organization  in  1893. 

Derleth,  Chas.  J.,  B.  S.,  C.  E., 1896. 

674  East  135th  St.,  New  York  City. 
Assistant  in  Civil  Engineering,  Columhia  University. 
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DeyereuX)  Walter  Bourchier,  A.  B.,  A.  M.,  E.  M.,    .     1878» 

Address  unknown. 

Dobbins,  Max,  E.  M., 1896. 

Care  of  Lehigh  Valley  Coal  Co. ,  Engineering  Department,  and  14 
Wright  St.,  Wilkesbarre,  Pa. 

Dodge,  Frank  Despard,  Ph.  B.,  Ph.  D.,   .    .    .  1888- 

Dodge  &  Olcott,  137  Water  St.,  and  111  Montague  St.,  Brooklyn, 

N.  Y. 

From  October,  1891,  to  date,  Chemist,  with  Dodge  &  Oloott,  mannfiictaTerB  of 
essential  oils,  etc.  1888-00,  Fellow  in  Chemistry,  Assistant  in  Organic  Laboiatory 
School  of  Mines.     1890-91  (studying  in  Germany). 

DoLAN,  Charles  Francis,  C.  E., 1892- 

111  East  129th  St.,  New  York  City. 
1892-93,  United  States  Inspector  of  Dredging  Operations,  Harlem  Ship  Canal 
and  Newtown  Creek.    1893  todate^  with  Departmpnt  of  Street  Improvements, 
New  York  City.    1894.  with  U.  S.  Engineers  on  New  York  Harbor  Improve- 
ments. 

DoNNELL,  Harry  Ellingwood,  Ph.  B.,  ...     1887» 

Address  unknown. 

Douglas,  John  Sheafe,  C.  E., 1890. 

Chaplin-Douglass  Electric  Co.  Mnfgs.  Agents,  136  Liberty  St.,  and 
72i  Irving  Place,  New  York  City. 
1890,  Course  Electrical  Engineering,  Columbia  College.  1891,  Crocker* 
Wheeler  Electric  Motor  Company,  and  now  Assistant  Engineer  Western  Eleetrio 
Company  in  Lighting  Department.  1893,  Superintendent  of  Union  Elect.  Co. 'a 
Exhibit  at  World's  Columbian  Exposition,  Chicago.  1895,  Secretary  and  Treas- 
urer Chapin-Douglas  Elec.  Co. 

Douglass,  Edward  Morehouse,  C.  E.,        .        .        .     1881  ► 

Topographer  U.  S.  Geol.  Survey,  and  Takoma  Park,  Washington, 
D.  C. 

Dow,  Allan  Wade,  Ph.  B.  (Life  Member),  .         .     1888. 

Office  of  the  Engineer  Commission,  District  of  Coulmbia,  W^ash- 

ington,  I).  C. 

1888-89,    Honorary    Fellow    Quant.     Laboratory,   School    of    Mines.      1889, 

Chemist  at  Tilly  Foster  Mine,  New  York.    1889-91,  Assistant  Chemist  of  The 

Barber  Asphalt  Paving  Co.     1894,  District  Chemist,  Inspector  Asphalt  Cement 

and  Building  Stone,  District  of  Columbia. 

Downs,  William  Fletcher,  E.  M.,       ....     1882* 

Joseph  Dixon,  Crucible  Co.,  and  76  Fairview  Ave.,  Jersey  City, 
N.  J. 
With  the  Joseph  Dixon  Crucible  Co.  since  graduation.     From  June,  1882,  to 
September,  1882,  at  experimental  work.    From  September,  1882,  to  October, 
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1884,  in  obaif;e  of  lubricating  department.    From  October,  1884,  to  present  time 
Superintendent  of  crucible  and  other  departments. 

Drasel,  Charles,  £.  M., 1895. 

56  Bowers  St. ,  Jersey  City,  N.  iJ. 

Dresser,  Daniel  Le  Rot,  C.  E., 1889. 

55  White  Street,  New  York  City  and  Oyster  Bay,  L.  I. ,  N.  Y. 

Drummond,  Isaac  Wtman,  E.  M.,  Ph.  D.,     .        .        .     1878. 

F.  W.  Devoe  &  Co.,  William  and  Fulton  Sts.,  New  York  City. 

DuFouRCQ,  Edward  Leonce,  E.  M.,      ....     1892. 

Oficiana  Volcan,  Sierra  Mojada,  Coahuila,  Mexico. 
1892-93,  Assistant  Superintendent  Costa  Rica  Pacific  Gold  Mining  Company, 
Punta  Arenas,  Costa  Rica.  Summer  of  1893,  Assistant  in  Mining,  Columbia 
CoUege  and  Transitman  for  J.  F.  Carey  &  Co. ,  Brooklyn.  November,  1893,  As- 
sistant Engineer,  Mazapil  Copper  Company,  Concepion  del  Oro,  2>u»teoas, 
Mexico,  and  Assistant  Engineer  Coahuila  and  Zacatecas  Railroad.  Fall  of  1894, 
Ei^seer  of  International  Mining  Co.,  San  Miguel  de  Mesquital,  Mexico.  1895- 
96,  Mining  Department  Kansas  City  Smelting  and  Refining  Company,  £1  Paso, 
Texas. 

Dunham,  Edward  Kellogg,  Ph.  B.,      .         .        .        .     1881. 

338  East  Twenty-sixth  Street,  New  York  City. 
Professor  of  Pathology,  Bacteriology  and  Hygiene  in  the  Bellevue  Hospital 
Medical  CoUege,  New  York  City. 

Durham,  H.  W.,  C.  E., 1896. 

U.  S.  Geological  Survey,  Washington,  D.  C,  and  125  Brooklyn 
Avenue,  Brooklyn,  N.  Y. 
Draughtsman  Rapid  Transit  Commission,  June  to  Decemher,  1895.    Field  As- 
sistant U.  S.  Geological  Survey,  May,  1896,  to  date. 

DusENBERRY,  Walter  Lorton,  E.  E.,    .  .  .         .     1884. 

220  Tenth  Street,  S.  Brooklyn,  N.  Y. 
1884-87,  miscellaneous.    U.  S.  Coast  Survey.    Mining  in  Mexico  and  the  West. 
Survey  of  New  Parks,  Westchester  County,  etc.     1887-89,  Inspector  of  Masonry 
and  Transitman  on  New  Croton  Aqueduct.    1889-91,  in  chaige  of  party  and  As- 
sistant Engineer  of  Construction  Department  of  Puhlio  Parks,  New  York  City. 

DuTCHER,  Basil  H.,  Ph.  B., 1882. 

525  Manhattan  Avenue,  New  York  City. 
Summer  of  1890,  on  Reconnaissance  Survey  in  Idaho  and  Nevada,  Biological 
Survey,  U.  S.  Department  of  Agriculture.  Summer  of  1891,  on  Death  Valley 
Survey,  California,  U.  S.  Department  of  Agriculture.  Summer  of  1892,  Biolog- 
ical Survey,  U.  S.  Department  of  Agriculture,  in  Kansas,  Oklahoma,  Texas,  New 
Mexico.  Winters,  1892-93  and  1893-94,  Student  College  Physicians  and  Sur- 
geons, Columbia  University. 
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DwiGHT,  Arthur  Smith,  E.  M., 1885. 

Superintendent  Colorado  Smelting  Co. ,  Pueblo,  Colorado. 
1885,  ABsistant  Assayer  at  works  of  The  Colorado  Smelting  Company,  Pueblo, 
Colorado.  1885  to  1888,  Assistant  Chemist  and  Chemist,  except  aatnmn  of  1886, 
when  examining  and  reporting  on  lead  deposits  of  Coenr  d'Alene  region,  Idaho 
Territory,  and  spring  of  1889,  when  acting  as  Assistant  Sapt.  Madonna  Mine, 
Monarch,  Colorado.  1889-90,  Metallurgist,  and  up  to  date,  General  Supt.  of  the 
Colorado  Smelting  Co. 

E. 
Easton,  Langdon  Cheves,  C.  E.,  .        .        .        .1 884, 

69  Flood  Bldg.  and  1906  Bush  Street,  San  Francisco,  Cal. 
1885-88,  Engineer  Corps,  Aqueduct  Commission »  New  York  City.    1889-96, 
Inspector  and  Assistant  Engineer  engaged  in  River  and  Harbor  Improvement  in 
California  under  direction  of  Corps  of  Engineers,  U.  S.  A. 

Eastwick,  George  Spencer,  C.  E.,       .        .        .        .1 879. 

Manager  American  Sugar  Refining  Co.,  24  North  Petri's  St.,  New 
Orleans,  La. ,  and  1425  Broadway,  New  York  City. 

Eastwick,  Edward  Peers,  Jr.,  Ph.  B.,  S.  E.,  C.  E.  (1892),  1889. 

Care  of  American  Sugar  Refining  Company,  New  Orleans,  L#a. 

Eberhardt,  William  G.,  E.  M., 1891. 

450  W.  Twenty-second  St.,  New  York  City,  and  Oakland  Place, 
Tremont,  New  York. 
1891-93,  General  Engineering  and  Draughting,  March,  1893,  to  May,  1894,  As- 
sistant Snperintendent  and  Assayer  Powhatan  Land  and  Mining  Co.,  Va.     1894- 
95,  Assayer  and  Surveyor  Mazapil  Copper  Co.,  Zacatecas,  Mexico.     1896,  Pro- 
fessional work  in  New  York  and  New  Jersey. 

Eddie,  Edward  Crittenden,  E.  M.,     ....     1885. 

Colorado  Smelting  Co.,  Pueblo,  Colo. 

Edwards,  Richard  Mason,  E.  M.,        ....     1886. 

Red  Jacket  and  Houghton,  Mich. 
188e-87,  General  Assay  office  at  Houghton,  Mich.     1888-89,  Professor  of  Min- 
ing, Michigan  Mining  School,  Houghton.     1890  to  date.  Mining  Engineer  for 
Tamarack,  Tamarack,  Jr.,  Osceola  and  Kearsarge  Mining  Cos.,  L.  S.  Mich. 

EiLERS,  Karl  Emrich,  E.  M., 1889. 

Mining  Dept.  Cons.,  Kansas  City  Smelting  and  Refining  Co.,  El 
Paso,  Texas,  and  751  St.  Mark's  Ave.,  Brooklyn,  N.  Y. 
1889-91,  student  and  traveling  in  Europe.     1895-96,  Assistant  Superintendent 
Colorado  Smelting  Co.,  Pueblo,  Col. 

Elliott,  Arthur  Henry,  Ph.  B.,  Ph.  D.,      .         .         .     1881. 

4  Irving  Place,  New  York  City,  and  New  Rochelle,  N.  Y. 
Professor  Chemistry  and  Physics,  New  York  College  of  Pharmacy.    Chemist  to 
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Consolidated  Gas  Co.    Editor  Anthony's  Photographic  Bulletin,    Author  A.  U. 
Elliott's  Qualitative  Chemical  Analysis. 

Elliott,  William,  Ph.  B., 1880. 

56  Wall  St.,  New  York  City. 

Emanuel,  L.  V.,  C.  E., 1896. 

122  E.  83d  St.,  New  York  Citv. 

Engel,  Louis  George,  E.  M., 1880. 

Brooklyn   Sugar  Refinery,  American  Sugar  Refinery  Co.,  Kant 
Ave.  and  S.  2d  St.,  and  238  Clermont  Ave.,  Brooklyn,  N.  Y. 
Three  years,  Tilly  Foster  Iron  Mine  (E.  M.  ].    Thirteen  years,  Brooklyn  Sugar 
Refinery. 

Engelhardt,  Eugene  Nicholas,  E.  M.,        .        .        .     1886. 

Selby,  Conti-a  Costa  Co. ,  Cal. 
1886,  Assayer,  Chemist  and  Assistant  Superintendent  Pueblo  Smelting  and  Re- 
fining Co.    1887  and  1888,  Superintendent  of  the  same  company.    1889,  Assistant 
Superintendent  Anaconda  Smelting  Co.    From  1890  and  to  present  time,  Assistant 
Superintendent  Selby  Smelting  and  Lead  Co. 

Evans,  I.  N.,  C.  E., 1895. 

41  Dey  St.,  New  York  City. 

P. 

Fahts,  George  Ernest,  C.  E.,      .        .        .        .        .     1884. 

38  Maiden  Lane,  New  York  City,  and  285  DeKalb  Ave.,  Brooklyn, 
N.  Y. 

Treasurer  Prentiss  Calendar  Time  Co. 

Falk,  David  Beauregard,  C.  E.,  ....     1882. 

Savannah,  Ga. 

Fearn,  Percy  Le  Rot,  E.  M., 1889. 

18  Broadway,  N.  Y. 
1889-90,  Assayer  and  Surveyor,  Trinidad  Mine,  Costa  Rica.  1890-92,  Superin- 
tendent, Trinidad  Mine,  Costa  Rica.  1892-93,  Consulting  Mining  Engineer  Illi- 
nois Fluor  Spar  and  Lead  Co.  1893-94,  Vice-President  of  above.  1894-96,  en- 
gaged in  examining  and  reporting  on  Mines  in  Western  States  and  Mexico. 
1896,  entered  firm  of  Olcott,  Fearn  &  Peele,  18  Broadway,  New  York. 

Ferguson,  William  Cushman  Augustine,  Ph.  B.,        .    1887. 

Nichols  Chemical  Co.,  Laurel  Hill  Chemical  Works,  Laurel  Hill, 
N.  Y.,  and  40  N.  Pai-sons  Ave.,  Flushing,  L.  I.,  N.  Y. 
Chief  Chemist,  Nichols  Chemical  Co.,  Laurel  Hill,  N.  Y. 

Ferrer,  Carlos  Ferrer,  C.  E., 1883. 

39  Broad  Street,  New  York  City. 

After  graduation  for  a  few  weeks  on  work  at  the  School  of  Mines.    Then  under 
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Mr.  W.  £.  Worthen,  C.E.,  on  some  work  for  the  Water  CommiBBionero  of  the 
State  of  New  Jersey.  From  March,  1884,  to  January,  1887,  on  the  Engineering 
Corps  of  the  Aqnednct  Commiasioners,  New  York  Cily,  as  Assiaiant  to  Engineer 
of  Constmotion  ;  Leveler  in  chaige  of  field  work  on  Section  '' A  ; "  redaoed  to 
Bodman  in  chaige  of  same  ;  promoted  to  AssiBtant  Engineer ;  resigned  in  Jannaiy, 
1887,  and  have  since  been  engaged  in  bvsinesB  for  my  own  aooount  afe  above  ad- 
dress. 

Ferris,  Junius  Colton,  E.  M., 1883. 

Carthage,  111. 

Feuchtwangeb,  Henry,  Ph.  B., 1832. 

Room  19,  99  Franklin  St. ,  New  York  City. 

FiALLOS,  Enrique  Constantino,  C.  E.,  ...     1883. 

No.  27,  Calle  10a,  Tegucigalpa,  Honduras,  C.  A.,  and  Care  Ernest 
Schemikow,  P.  O.  Box  3540,  New  York  City. 
General  practioe  in  Engineering.    Professor  of  Mathematics  and  Mineralogy  in 
the  University  of  Tegucigalpa.    The  most  extensive  practioe  has  been  as  Govern- 
ment Surveyor  of  Lands  and  Mines. 

Fisher,  Willard  E.  M., 1888. 

Agent  Illinois  Zinc  Co.,  115  Broadway,  and  361  W.  Fifty-sixth  St., 
New  York  City. 
Draughtsman  to  Parsons,  G.E.,  New  York  City.  Assistant  to  Superintendent 
Segovia  Gold  Mining  Co.,  Nicaragua.  Clerk,  Office  of  Rich  Hill  Coal  Mining  Co. , 
Rich  Hill,  Mo.  Engineer  and  Mine  Surveyor,  Rich  Hill  Coal  Mining  Co.,  Rich 
Hill,  Mo.  Prospecting  for  coal.  Southwest  Missouri,  along  the  line  of  Wichlaw 
&  Western  in  the  interest  of  the  Missouri  Pacific  Railroad.  Southern  Sales 
Agent,  Coal  Cos.,  on  the  lines  of  Missouri  Pacific  Railway.  President  Tyler  S. 
E.  Railway  of  Texas. 

Floyd,  Frederick  William,  C.  E.,  M.  E.,   .         .        .     1877. 

52^  W.  Twentieth  St.,  and  175  W.  Eighty-seventh  St.,  New  York 
City. 
1877-78,  Honorary  Assistant  in  Metallurgy,  School  of  Mines.  1878-81,  U.  S. 
Geographical  Surveys,  West  of  100th  Meridian.  1881-82,  Preliminary  Surveys, 
New  Croton  Aqueduct  and  Dam,  New  York.  1882,  Reporting  on  Mines  in  Colo- 
rado. 1883  to  date,  Firm  of  James  R.  Floyd  &  Sons,  Iron  Works.  Specialty, 
Gas  Engineering  and  Gas  Works  Construction. 

FoERSTER,  David,  E.  M., 1896. 

Box,  4,  Woodland  Park,  Colo.,  also  5  East  Pearl  Street,  Cincin- 
nati, O. 
Chemist,  N.  J.  Zinc  and  Iron  Co.    Assayer  and  Surveyor,  West  Creek,  Colo. 

FoLGER,  Edward  P., 1894. 

80  Quincy  Street,  Brooklyn,  N.  Y. 

Foster,  Reginald  Guy,  C.  E., 1883. 

16  E.  Thirty-first  Street,  New  York  City. 
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Fowler,  Albert  Casimir,  C.  E., 1889, 

Cienfuegos,  Cuba. 

Fowler,  Samuel  Stewart,  A.  B.,  E.  M.,       .        .        .     1884. 

Engineer,  The  London  and  British  Columbia  Goldfields,  Box  106, 
Nelson,  B.  Col. 
1885,  Civil  EDgiDeering  Work,  New  York.  1886,  AasistaDt  Superintendent, 
lion  Bill  Mining  and  Milling  Co.,  Black  Hills,  South  Dakota.  1887,  Aanstant 
Superintendent  Galena  Reduction  Co.,  Blaok  Hills,  South  Dakota.  1888,  Super- 
intendent, International  Smeltiog  Works,  Texas.  Engineer  and  Assayer,  Bunker 
Hill  and  Sullivan  Mg.  and  Cone.  Co.,  Idaho.  1889,  Reporting  sundry  properties. 
1890  to  date,  Superintendent  Golden  Mining  and  Smelting  Co.,  Golden,  B.  C, 
Canada.  Deputy  Commissioner  World's  Columbian  £xx>o8ition,  1893.  Engineer 
the  London  and  British  Columbia  Goldfields,  Nelson,  6.  Col.,  1896-97. 

FoYE,  Andrew  Ernest,  C.  E., 1890. 

Member  of  Firm,  Foster  &  Foye,  52  Broadway,  and  163  West 
Seventy-ninth  Street,  New  York  City. 
1890-92,  Engineer's  offioe,  M.  W.  P.  R.  R.     1892-94,  Tutor  in  Civil  Engineer- 
ing, School  of  Mines.    1894-96,  Instructor  in  the  same.    Contractors  Consulting 
Engineer  Nyaok  Sewerage  System,  Chief  Engineer  Inter-State  Contracting  and 
Construction  Co. 

Frank,  Jerome  William,  Ph.  B.,  ....     1888. 

29  Broadway,  New  York  City. 

Freeman,  William  Horatio,  C.  E.,      .         .        .        .     1889. 

27  Thames  Street,  and  157  W.  119th  Street,  New  York  City. 
Post-gradnate  in  Elect.  Engineering,  1889-91.    John  Tyudall  Fellow,  1891-92.. 
Tutor  in  Elect.  Engineering,  since  1892.    Additional  degree  of  E.  E.,  in  June, 
1891.    Associate  Editor  Electric  Pmcer, 

Friedman,  Samuel,  C.  E., 1892. 

Tuscaloosa,  Ala. 

Furman,  Howard  Van  Fleet,  E.  M.,    ....     1881. 

Room  118,  Boston  Building,  Denver,  Col. 
1882-88,  Assayer  and  Chemist  and  Foreman,  Germania  Lead  Works,  Utah. 
Chemist,  Glohe  Smelting  and  Refining  Co.,  Denver.  Assistant  Superintendent, 
Billings  Smelter,  Socorro,  New  Mexico.  Superintendent,  Bailey  Smelter,  Den- 
ver, Colo.  1888  to  1894,  Consulting  Mining  Engineer  and  Metalluigist,  Office  in 
Denver.  1894  and  1895,  Chief  Assayer  U.  S  Mint,  Denver,  Colo.  1896,  Profes- 
sor of  Mining  and  Metallurgy,  Colorado  State  School  of  Mines,  Golden,  Cola,  also 
office  as  ahove. 

G. 

Garlichs,  Herman,  E.  M., 1880. 

Care  of  Cons.  K.  C.  S.  &  R.  Co.,  Argentine,  Kansas. 
1880-83,  Surveying  and  Reporting  on  Mines  in  Colorado.     1883-87,  Assistant 
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SoperintendeDt,  Aarora  S.  &  R.  Co.,  Aurora,  HI.  1887  to  1894,  SuperinteDdent 
Refining  Department,  Omaha  and  Grant  S.  and  R.  Co.  Specialty,  Silver  and 
Lead  Smelting  and  Refining.  1894,  Metal lorgist,  Velardena  Mining  Co.  Super- 
intendent Refining  Department.  Cons.  K.  C.  S.  &  R.  Co.  Oct.  1,  1895  to  date. 
Superintendent  Smelting  and  Refining  Departments,  1897. 

GiLDERSLEEVE,  AlGER  C,  C.  E., 1895. 

28  W.  48th  St.,  and  39  Cortlandt  Street,  New  York  City. 
1889  to  1892,  Studied  Law  ;  1892,  Laborer ;  1693,  Tiansitman  ;  1894,  Assistant 
Engineer,  Department  of  Docks,  New  York  City,  resigned  in  June,  1894,  to  ac- 
cept position  as  Engineer  for  John  C.  Rodgers,  Contractor,  on  construction  of  the 
Second  Section  Harlem  River  Driveway.  Resigned  in  November,  1895,  and 
opened  private  office  at  39  Cortlandt  St.,  as  Engineer  and  Contractor  for  Piers, 
Docks,  Foundations  and  Heavy  Masonry. 

GiFFORD,  Stanley  Devol,  E.  M.,  ....     1889* 

No.  115  Broadway,  New  York  City,  N.  Y. 
Vice-President,  Montano  Ore  Purchasing  Co. — Eagle  Pass,  Mexico. 

Gillette,  Halbert  Powers, 1892* 

Aisst.  State  Engineer,  Powers  Block,  Rochester,  N.  Y. 
1892-94,  Deputy  County  Surveyor  on  highways  and  bridges ;  1894-95,  Boat 
Railway  Survey,  Dalles,  Ore.,  contractor  and  designer  for  highway  bridges ;  1895, 
Aflst.  Summer  School  of  Surveying.  School  of  Mines.  Asst.  Dept.  Physics,  1895. 
Asst.  to  State  Engineer,  N.  Y.,  on  Canal  Improvements.  Assistant  New  York 
State  Engineer  since  March  1,  1896. 

GODLEY,  ElCHARD  D.,  Jr.,  E.  E., 1896. 

Whitestone  Landing,  L.  I.,  N.  Y. 

Going,  Charles  Buxton,  Ph.  B.,  ....    1882» 

President  Cincinnati  Desiccating  Co.,  Cincinnati  and  Glendale,  O^ 
Trustee  and  Secretary  and  Treasurer,  Glendale  Water  AVorks,  1892-95. 

GoLDSCHMiDT,  Samuel  Anthony,  A.  B.,  A.  M.,  E.  M., 

Ph.  D.  (Life  Member,) 1871. 

President  Columbia  Chemical  Works,  43  Sedgwick  St.,  Brooklyn, 
N.  Y. ,  and  New  York  City. 
Assistant  Ohio  Geological  Survey,  1871.  Chemist  and  Assistant  Inspector  of 
Fertilizers,  Savannah,  Ga.,  during  winters  of  1871-75.  During  summers,  Assis- 
tant to  Dr.  Chandler,  Inspector  New  York  Board  of  Health,  1873-75.  Reporting^ 
on  Guano  Islands,  South  Pacific,  1876.  General  Consulting  Practice,  1876-80. 
Inspector  t)ffensive  Trades,  New  York  Board  of  Health,  1879-88.  Treasurer 
Columbia  Chemical  Works,  1880  to  1891.    Specialty,  Ammonia  Manufacture. 

Good,  George  McClellan  Houtz,  E.  M.,     .        .        .     1886. 

Mining  Engineer,  Osceola  Mills,  Clearfield,  Co.,  Pa. 
1887-91,  Engineer  to  the  Houtz  Estate,  Houtzdale,  Pa.     1892,  Mining  En- 
gineer to  the  United  Collieries  Company.     1892,  Assistant  General  Manager  of 
the  same.    Also  in  1895,  Assistant  Engineer  Altoona  &  Phillipsbnig  connecting 
R.  R.    July,  1895,  Chief  Engineer  of  same. 
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Goodwin,  Edward,  E.  M., 1891. 

Moscow,  Idaho. 
July,  1887-October,  1889,  on  Harlem  River  Canal,  New  York.  1891,  AsBisi- 
ant  in  Mineralogy,  and  to  spring  of  1893,  Aflsayer  for  Tombstone  Mill  and  Mining 
Co.,  Tombstone,  A.  T.  Spring  of  1893,  Experimental  Cyanide  plant  at  Tomb- 
stone, A.  T.  Fall  of  1893-snmmer  1894,  Assayer  at  Texas  Con.  Gold  Mine,  and 
Assayer  and  Assistant  Superintendent  at  Bully  Choop  Mines,  Shasta  Co.,  Cali- 
fornia. December  1894-Jane  1895,  Assayer,  Pnget  Sound  Red  Co.,  Everett, 
Wash.  Jane  1895-October  1695,  Assayer  and  Foreman,  Monto  Cristo  Mining 
Co.,  Monto  Cristo,  Wasb.  October  1895,  Prof.  Mining  University  of  Idaho,  Mos- 
cow, Idaho. 

Gordon,  John,  Jr.,  E.  M., 1871. 

G.  O.  Gordon,  66-70  Beaver  Street,  New  York  City. 
Merchant,  Edward  Johnson  &  Co. ,  62  Sas  Pedro,  Rio  de  Janeiro,  Brazil. 

Gosling,  Edgar  Bonaparte,  E.  M.,  Ph.  D.,  .        .        .     1884. 

Windsor  Hotel,  New  York  City. 
Tutor  in  Mathematics,  Columbia  University  from  1884  to  1885.  Draughtsman 
and  afterwards  Assistant  Engineer  in  Departments  of  Docks,  New  York  Clt^, 
1886-88.  In  Manufacturing  Business  In  Paris,  France,  1888-89.  Tutoring  iu 
Mathematics  and  Engineering  Branches  in  New  York,  and  Superintending  build- 
ing of  houses,  introducing  Culm-burning  Furnaces  in  U.  S.,  1889-91.  In  charge 
of  erection  of  buildings  in  artificial  stone  (Beton  Coignet),  for  the  Suez  Canal 
Company,  Egypt. 

Graff,  Charles  Everett,  E.  M,,        ....     1885. 

50  Highland  Ave. ,  Jersey  City,  N.  J. 
1885-87,  Assistant  Engineer,  Central  Entre  Riano  Railroad,  Argentine  Re- 
public, S.  A.     1887-88,  Engineer,  Arissona  Union  Mining  Co.,  Presoott,  Arizona. 
1888-90,  Manufiicturing  Work,  Binding  Twine  and  Reapers.    1890-91,  Engineer, 
Eagle  Oil  Co. 

Granger,  A.  D.,  C.  E., 1892. 

Burhorn  &  Granger,  136  Liberty  St.,  New  York  City,  and  22 
Stuyvesant  Ave.,  Brooklyn,  N.  Y.  • 

Summer  and  Fall  1892,  with  C.  W.  Hunt  &  Co.,  and  E.  P.  Gleason  Mfg.  Co., 
as  draughtsman.  November,  189^November,  1893,  draughtsman.  The  Link 
Belt  Engin/eering  Co.,  New  York  branch.  Member  of  firm  of  Burhorn  &  Granger 
from  November  1893  to  date.  Specialties  :  Boilers,  Engines,  Complete  Steam  and 
Electric  Plants. 

Gratacap,  Louis  Pope,  Ph.  B., 1876. 

Curator  American  Museum  Natural  History,  Seventy-seventh  St., 
and  Eighth  Ave.,  New  York  City  and  West  New  Brighton 
(Richmond.  County),  Staten  Island,  N.  Y. 

Greenleaf,  James  Leal,  C.  E., 1880. 

Consulting  Engineer,  No.  1,  Broadway,  New  York  City,  and 
Llewellyn  Park,  West  Orange,  New  Jersey. 
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Special  Agent  for  Tenth  CeDsos  for  Water-power  from  1880  to  1882.  Since  in- 
stmoting  in  Engineering,  civil  and  sanitary,  in  School  of  Mines,  Colnmhia  Uni- 
Territy.  1891 ,  Adjunct  Professor  Civil  Engineering,  Colnmbia  University.  Re- 
signed professorship  in  1895  and  gave  ezclnsive  attention  to  hnsiueas  as  Consulting 
Engineer. 

Greene,  David  Joy,  C.  E.,  M.  E.  (Sibley  CoUege),       .     1894. 

Standard  Silica,  Cement  Co.,  Flushing  Street,  Long  Island  City, 
and  300  Oakland  Avenue,  Brooklyn,  N.  Y. 
June,  1895,  graduated  from  Sibley  College,  Cornell  Univ.,  with  degree  oi  Me- 
chanical Engineer.    August  1895,  to  present  time,  Supt.  of  the  Standard  Silica 
Cement  Co.,  L.  I.  City,  K.  T. 

Griswold,  William  Tudor,  C.  E.,        .        .  .    1881. 

U.  S.  Geological  Survey,  Washington,  D.  C,  and  Boise  City, 
Idaho. 

Gross,  Louis  Nathan,  B.  S.,  E.  M .,      ....     1884. 

Merchant  and  38  East  Fifly-eighth  Street,  New  York  City. 

GuDEMAN,  Edward,  Ph.  B.,  Ph.  D 1887. 

Davenport  Syrup  Ref.  Co.,  Davenport,  Iowa. 

Student  at  the  Universities  of  Berlin  and  Gottingen,  1887-89.  Private  Assistant 
with  Dr.  C.  F.  Chandler,  and  Honorary  Assistant  at  the  School  of  Mines.  1889 
and  1890,  Profesmr  of  Chemistry  in  charge  of  the  Department  of  Chemistry,  Dye- 
ing and  Pottery  at  the  Pennsylvania  Museum  and  School  of  Industrial  Art, 
Philadelphia,  Pa.  1890-92,  Chemist  with  the  American  Glucose  Company  at 
BufEalo,  N.  T.,  and  Peoria,  111.  1892-93,  Chemist  in  charge  of  Peoria  Grape 
Sugar  Company,  at  Peoria,  111.  1893-97  Chemical  Superintendent  of  the  same. 
1897,  Superintendent  Davenport  Syrup  Refining  Company. 

GuDEWiLL,  Charles  Edward,  C.  E.,      .         .        .        .     1890. 

P.  O.  Box  603,  Montreal,  Canada. 
1890-91,  Assistant  in  Engineering  Department,  School  of  Mines,  under  Prof. 
Trowhridge.     1891  to  date,  Assistant  Engineer  Dominion  Construction  Co.,  Mon> 
treal,  Canada. 

GuiTERMAN,  Edward  Wolf,  Ph.  B.,     .        .        .         .    1889. 

Passaic  Print  Works,  Passaic,  N.  J. 
1890-96,  Chemist  Passaic  Print  Works,  Pasraic,  N.  J. 

H. 
Haas,  Edward  F.,  C.  E., 1894. 

Berkeley,  Cal. 

Haasis,  Dunbar  Ferdinand,  E.  M.,      ....     1883. 

U.  S.  S.  **Godney,''  Box  173,  and  83  Rector  St.,  Perth  Amboy, 
N.J. 
1883  84,  Inspector  of  bridge  work,  Stony  Point,  New  York.    1885-88,   As- 
sayer  and  Chemist,  afterwards  General  Manager  Parral  Mining  and  Milling  Co., 
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(sUver),  Mexico,  1889,  with  Ck)rpB  of  En^^Deers,  U.  S.  A.,  on  New  York  Harbor  im- 
pTOvementB.  1890  to  date,  En^neer  Marion  Phosphate  Co. ,  Florida,  and  Engineer 
HsmlniTgh  Phosphate  Co.,  Florida,  Sarvejing,  prospecting  and  reporting  on  Phos- 
phate deposits.  1892-93,  with  U.  S.  Engineers  in  charge  oonstraction  Concrete 
FortiflcatioiijB.  In  chai^ge  of  Harbor  Improvements.  Assistant  Engineer  Dominion 
Constraction  Company  for  pipe  hiyingand  Reservoir  engineering. 

Haffen,  Louis  Francis,  A.  M.,  C.  E.,  .        .        .        .     1879. 

Commissioner  Street  Improvements,  One-Hundred  and  Forty-first 
St.,  and  Third  Ave.,  and  647  Cortland  Ave.,  23d  Ward,  New 
York  City. 

Hale,  Albert  Ward,  A.  B.,  A.  M.,  E.  M.,    .        .        .     1867. 

Department  of  Public  Works,  East  Twenty-fourth  Street,  and  81 
Clinton  Place,  New  York  City. 

Hall,  Eobert  William,  E.  M., 1876. 

Chemical  Building,  University  of  New  York,  University  Heights, 
24  Ward,  New  York  City. 
From  1879  to  1888,  Chemist  to  the  American  Gas  Fuel  and  Light  Company  and 
to  some  associated  companies.  Since  the  antnmn  of  1 888,  Acting  Assistant  Profes- 
sor of  General  Chemistry  in  the  University  of  the  City  of  New  York.  Since  the 
autumn  of  1890,  also  Acting  Professor  of  Analytical  Chemistry  in  the  same  insti- 
tntion.     1891,  Professor  of  Analytical  Chemistry,  same  institution. 

Hallock,  Albert  Peter,  Ph.  B.,  Ph.  D.,      .        .        .     1880. 

440  First  Avenue,  New  York  City,  and  161  Sidney  Ave.,  Mt. 

Vernon,  N.  Y. 

June,  1880,  to  Octohcr,  1880,  with  Dr.  P.  de  P.  Ricketts.   Octoher,  1880,  to  No- 

vemher,  1887,  Chemist  Consolidated  Gas  Co.     November  1887,  to  January,  1889, 

in  the  shell  lime  business.    Januaiy,  1889,  to  date,  Chemist  to  Carl  H..  Shultz, 

Mineral  Water  Factory.    Specialty,  Gas  and  Mineral  Water  Chemistry. 

Hamilton,  Frank  C,  E.  M.,  A.  M.,      ....     1894. 

Assayer  Brodie  Gold  Reduction  Co. ,  Cripple  Creek,  Colorado. 
1894,  Assistant  Assayer  Colorado  Smelting  Co.,  Pueblo  Colorado.    1895  to  date, 
Assayer  Brodie  Gold  Red  Co.,  Cripple  Creek,  Colorado. 

Hankinson,  Albert  Worthington,  C.  E.,    .        .        .     1893. 

114  West  Forty-fifth  Street,  New  York  City. 

Hanna,  George  Btron,  A.  B.,  E.  M.,    ....     1868. 

Charlotte,  N.  C. 
Chemist  and  Assistant  Geologist,  North  Carolina  Geological  Survey.     Melter 
and  Assistant  Assayer  U.  S.  Assay  Office,  Charlotte,  N.  C.    Also  Consulting  Min- 
ing Engineer  and  Chemist,  etc 

Hanson,  Eichard  Cochran,  C.  E.,        .        .        .        .    1894. 

74  W.  91st  Street.,  New  York  City. 
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Harding,  George  Edward  (Associate),         .         .         .     1867. 

Architect,  Postal  Telegraph  Bldg.,  New  York  City,  and  New 
Brighton,  Staten  Island,  N.  Y. 
Fellow  American  Institute  Architect  and  Member  American  Society  Civil 
Engineers. 

Harrington,  Thomas  Henrt,  C.  E.,     .         .        .         .     1889. 

Columbia  University,  and  West  Chester,  West  Chester  County, 
N.  Y. 
July,  1889,  to  March,  1893,  Inspector  Clerk  and  GeDcral  Superintendent  on  U. 
S.  Works,  Flood  Rock,  Hell  Gate,  East  River,  N.  Y.  April  to  November,  1893,  in 
ohai^ge  of  Exhibit  of  River  and  Harbor  Improvements  from  New  York  City  and 
Hudson  River,  at  World's  Columbian  Exposition,  Chicago.  1894  to  date,  Aast.  in 
Dept.  Mechanical  Engineering  School  of  Mines,  Columbia  University. 

Harrib,  Edwin  A.,  Ph.  B., 1889. 

Chemist  and  Manager,  The  Mamilith  Co.,  and  The  Arbor-ol- 
Chemical  Co.,  Poplar  Bluff,  Mo. 
1889-90,  Chemist  of  the  Camden  Consolidated  Oil  Company.  1890  to  date, 
Chemist  Camden  Consolidated  Oil  Company  and  agent  for  oil,  mineral  and  timber 
lands  in  West  Virginia  and  Ohio.  Chemist  to  the  Phosphorus  Works  of  J.  J. 
Allen's  Sons,  2  Chestnut  St.,  Philadelphia,  1892-93.  April,  1893,  to  date,  Secre- 
tary  and  Treasurer  Globe  Steam  Heating  Company. 

Harte,  Charles  R.,  C.  E., 1893- 

14  Gordon  Street,  Jamaica  Plain,  Boston,  Mass. 

Haskell,  Harry  Garner,  E.  M.,        ....     1893. 

Secretary  Repauno  Chemical  Co.,  and  Hercules  Powder  Co.,  Wil- 
mington, Del. 

Hathaway,  Nathaniel,  Ph.  B., 1879* 

Swain  Free  School  and  43  Elm  Street,  New  Bedford,  Mass. 
1879-80,  Booth  and  Edgar  Sugar  Refinery.    1880-83,  Private  Assistant  to  Dr. 
E.  Waller,  New  York.     1883-91,  Teacher  of  Chemistry  and  Physios,  Swain  Free 
School,  New  Bedford,  Mass.,  and  general  analytical  work. 

Hawlet,  John  Francis,  C.  E.  (Life  Member),       .         .     1891. 
Finca  ''El  Tambor,"  San  Filipe,  Guatemala,  C.  America. 

Herbert,  Octave  Britton,  C.  E.,        .         .        .        .    1888. 

D.  B.  Britton  Co.,  40  West  Broadway,  and  72  West  69th  Street, 
New  York  City. 

Heinsheimer,  Alfred  Maurice,  C.  E.,        .        .        .    1887. 

Kuhn,  Loeb  &  Co.,  27-29  Pine  Street,  and  17  West  Seventieth 
Street,  New  York  City. 

Hendricks,  Henry  Harmon,  Ph.  B.  (Life  Member),      .    1880. 

Hendricks  Bros.,  49  Cliff  Street,  New  York  City. 
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« 

Herckenrath,  Walter  Augustus,  A.  M.,  C.  E.,  .        .     1892. 

Address  unknown. 
1892-93,  Erie  City  Iron  Works  and  with  City  Engineer  on  payments  and  sew- 
ers; Wibnington,  Yt.,  on  Railway  and  General  Engineering;  Inspector  U.  S. 
Dredging  Operations,  Gowanns  Bay.    1893»  Temporarily  employed  in  the  Mathe- 
matical Department,  University  of  Ottawa. 

Hewlett,  James  Monroe,  Ph.  Bb.,        ....     1890. 

Lord  &  Hewlett,  Architects,  128  E.  Twenty-third  Street,  New 
York  City,  and  77  Columbia  Heights,  Brooklyn,  N.  Y. 
1893,  With  MoKim,  Mead  and  White,  New  York  City.     1894,  Formed  partner- 
ship with  A.  W.  Lord  as  architects. 

HiLDRETH,  Walter  Edwards,  C.  E.,  E.  M.,        .        .     1877. 

62  Broadway,  and  165  West  87th  Street,  New  York  City. 

Hill,  William,  C.  E., 1882. 

Agent  Collins  Company,  Box  196,  Collinsville,  Conn. 
One  year  practical  experience  in  mannfaotore  of  cmoible  steel.  Two  years 
draughtsman  and  Assistant  to  Master  Mechanic  of  company  manufacturing  crucible 
steel,  bar-iron,  edge  tools,  plows  and  wrenches.  Engineer  in  charge  of  recon- 
stru^on  of  a  dam  600  feet  long,  32  feet  high,  at  Otis,  Mass.  1886-1891,  Assist- 
ant Superintendent  for  the  Collins  Company,  manufacturing  principally  edge 
tools.  November  1,  1891.  appointed  Agent  of  the  Collins  Company,  with  general 
^'harge  of  plant  at  Collinsville,  Conn.,  employing  about  650  men,  which  position 
he  still  holds. 

HmMAN,  Bertrand  Chase,  Ph.  B.,  A.  M.  (1892),        .     1890. 

Supt.  Nellie  Bly  Gold  Mining  and  Reduction  Co.,  and  Box  46, 
Boulder,  Colo. 
Since  June,  1890,  Chemist  to  the  Iron  Clad  Manufacturing  Comjiany,  engaged 
in  the  manufacture  of  sheet-iron  enamelled  ware. 

HoLBROOK,  Francis  Newberry,  C.  E.,  .    .    .    .  1876. 

42  Pine  Street,  New  York  City,  and  Box  395,  Tarrytown,  N.  Y. 
From  fall,  1876,  to  spring,  1880,  Assistant  Assay  Laboratory  School  of  Mines. 
Spring  and  summer  on  Geological  Survey,  West  Texas.  Then  to  1884,  spring,  Su- 
perintendent Corralitos,  Co.,  Chihuahua,  Mexico.  1884-87,  expert  work,  office,  £1 
Paso,  Texas.  Summer  and  Fall,  1887,  Superintendent  of  United  Verde  Copper 
Company,  Arizona.  1888,  spring,  on  geological  work  for  the  Southern  Pacific 
Company  in  West  Texas.  Summer  and  Fall,  running  gold  mine  and  Mill  for 
self  in  Arizona.  1889-90,  Manager  for  U.  S.  Circuit  Court  in  suit  between  the 
Con.  Kansas  City  Smelting  and  Refining  Company  and  the  Guadalupe  Company, 
in  Nnevo  Leon,  Mexico.  1890  to  February,  1891,  employed  by  the  Compafiia 
M^taluigica  Mexicana.  March  and  April,  1891,  charge  of  Copper  Smelter,  Tuc- 
son, Arizona.  Expert  work  until  1892,  when  returned  to  Comp.  Metal,  Mexico. 
Still  employed  by  the  Compafiia  Metalurgica  Mexicana  and  the  Mexican  North- 
em  Bail  way  Co. 

HoLDEN,  Edwi^  C,  E.  M., 1896. 

17  West  132d  Street,  New  York  City. 
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HoLDEN,  Edward  Henby,  C.  E., 1878. 

1074  Boston  Avenue,  New  York  City. 

Hollerith,  Herman,  E.  M.,  Ph.  D.  (1890),  .        .        .     1879. 

Electrician  and  Expert,  1054  Thirty-first  St.,  Washington,  D.  C. 

HoLUCK,  Arthur,  Ph.  B., 1879. 

€^1.  Dept.  Columbia  College,  New  York  City,  and  New  Brighton,. 
N.  Y. 
Superintendent  Mexioan  Mine,  Mariposa,  Cal.,  1880.  New  York  City  Health 
Department  Inspector  from  1881-90.  Sanitary  Engineer  from  1890-91.  Special 
Inspector,  1892.  Special  Exjwrt  and  Inspector  of  Offensive  Trades,  New  York 
State  Board  of  Health,  both  in  consultation  and  field  work,  from  1883  to  date. 
Board  of  Health,  Village  of  New  Brighton;  1886-92,  a  member  of  the  Boards 
Board  of  Health,  Long  Island  City,  Sanitary  Adviser,  1890.  In  general  practice 
as  a  sanitarian  from  1883  to  date.  U.  S.  Geologioal  Survey— engaged  in  collect* 
ing  specimens  in  the  Territories,  in  1882.  Appointed  Fellow  in  Geology,  Colam- 
bia  College,  January,  1890;  reappointed,  1891;  Assist,  1892.  1893,  Tutor  in 
Geology.  Recording  Sec'y.  Torrey  Botanical  Club,  N.  Y.,  1883-88.  Secretary 
Natural  Sdenoe  Association  of  Staten  Island,  1881  to  date.  Associate  Editor 
Bulletin,  Torrey  Botanical  Club,  1888  to  date.  Librarian  New  York  Academy  of 
Sciences,  1894  to  date. 

HoLLis,  Henky  Leonard,  E.  M., 1885. 

525  The  Rookery,  Chicago,  Ills. 
1885,  Assistant  Chemist  Edgar  Thompson  Steel  Works.  1885-87,  Assistant 
Chemist,  North  Chicago  Rolling  Mill  Company.  1887-90,  Chief  (Siemist,  North 
Chicago  Rolling  Mill  Company,  which,  ib  1889,  became,  by  consolidation,  part  of 
the  Illinois  Steel  Company.  1890,  member  of  firm  of  Rattle,  Nye  &  HoUis, 
Analytical  Chemists  and  Mining  Engineers.  1893,  Member  of  firm  of  H.  L.  Hollis 
&  Co.,  Analytical  Chemists  and  Mining  Engineers.  Vice-President  Potter  & 
Hollis  Foundry  Co.,  and  Vice-President  Potter  &  Hollis  Engineering  Company. 

HoLLis,  William,  C.  E., 1887. 

Box  180,  Eagle  Pass,  Texas.     Agent  for  Alamo  and  Coahuila  Coal 
Companies. 

Holt,  Marmaduke  Burrell,  E.  M.,     ....     1889. 

Silverton,  Colo.,  and  287  Lexington  Avenue,  New  York  City. 
1889-90,  Student  in  course  of  Electrical  Engineering,  School  of  Mines.  1890-91^ 
with  Aspen  Mining  and  Smelting  Company,  serving  as  Mining  and  Electrical  En- 
gineer. 1891  to  fall  of  1892,  Agent  and  Electrical  Engineer  with  the  '^  C.  and 
C."  Electric  Motor  Co.,  N.  Y.  City  and  Denver.  1892-93,  Assayer  Colorado 
Smelting  Co.,  Pueblo,  Colo. 

Hooker,  William  Augustus,  A.  B.,  A.  M.,  E.  M.,        .     1869* 

Hooker  &  Lawrence,  145  Broadway,  New  York  City. 

Hooper,  Frank  Cyrus,  Met.  Eng.,       ....     1890. 

North  River  Garnet  Co. ,  Ticonderoga,  N.  Y. 
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1890-91,  Aflsistant  Engineer  De  Lemar  Mining  Co.,  Limited.  1892-93,  Amer- 
ican Graphite  Co.,  Spring,  1893,  Investigation  and  report  on  Sisal  Hemp  Indnstiy 
in  The  Bahamas  for  The  Inagna  Fibre  Co.  Summer  and  Fall,  Erection  of  Con- 
centrating Plant  in  Adirondaoks.  Snp't.  North  River  Garnet  Co.,  from  1893  to 
date. 

HoPKE,  Theodore  M.,  Ph.  B., 1880. 

Supt.  O.  H.  Dept.  Apollo  I  &  S.  Co.,  Apollo,  Pa. 
Angnst,  1880,  November,  1881,  Analytical  Chemist  virith  Ledonx  &  Co.,  New 
York.  November,  1881,  to  November,  1885,  Member  of  the  firm  of  Elliott, 
Hopke  &  Mattison,  Analytical  and  Consulting  Chemists  and  Assayers.  July, 
1886,  to  November,  1889,  Chemist  for  London  Steel  Co.,  of  Pittsburgh,  Pa.,  also 
had  ohaige  of  Physical  testing  department.  November,  1889-1894,  Manager 
Open-Hearth  department  of  above  Company,  having  full  charge  of  manufacture  of 
all  grades  of  steel  made  by  the  company,  also  building  of  open-hearth  furnaces. 
1894,  Secretary  and  Assistant  to  General  Manager,  McEeesport  Supply  Company. 
Supt.  O.  H.  DepH.,  Apollo  Iron  and  Steel  Co.,  Apollo,  Pa. 

HoRNE,  William  Dodge,  Ph.  B., 1886. 

Yonkers,  N.  Y. 
June,  1886,  to  December,  1887,  Chemist  to  Fulton  Sugar  Refinery,  Brooklyn, 
N.  Y.  October,  1887,  to  December,  1887,  Assistant  Instructor  in  Chemistry,  Sdiool 
of  Mines,  Columbia  University.  December,  1887,  to  June,  1888,  Chemist  to 
St.  Louis  Sugar  Refinery,  St.  Louis,  Mo.  October,  1889,  to  October,  1889,  Chem- 
ist to  Standard  Sugar  Refinery,  Boston,  Mass.  November,  1889,  to  present  time. 
General  Analytical  and  Consulting  Chemist.  January,  1890,  to  January,  1893, 
Consulting  Chemist  to  Delaware  Sugar  House,  Philadelphia.  January  to  June, 
1891,  Instructor  in  Analytical  Chemistry  in  Rutgers  College,  New  Brunswick, 
N.  J.  May,  1893,  to  present  time,  Consulting  Chemist  to  National  Sugar  Refin- 
ing Co.,  Yonkers,  N.  Y.  Laboratory  and  office  in  New  Brunswick  from  Novem- 
ber, 1889,  to  September,  1893.  From  September,  1893,  to  present  time  in 
Yonkers,  New  York.  In  June,  1894,  received  from  Columbia  Collie  the  degree 
of  Ph.D.  in  the  Department  of  Chemistry  and  of  Mechanical  Engineering. 

Howe,  Epenetus,  E.  M.  (Life  Member),         .         .         .     188(5. 

Box  68,  Monterey,  Mexico,  and  North  Salem,  Westchester  County, 

N.  Y. 

Assayer  and  Chemist  with  the  El  Paso  Smelting  Co.,  and  the  Aigentine  Works. 

Kansas,  1887-1889,  and  with  Lucia  Constancia  Esmeralda  Sierra  Mojada  Coahuila, 

Mexico,  1889.    Assayer,  Chemist  and  then  Superintendent  1889-1895.     May, 

1895  to  date,  engaged  in  irrigation  mining  and  other  engineering  work  for  self 

on  contract. 

HuMBEKT,  William  Scott,  E.  M.,        ....     1883. 

Niagara  Falls,  N.  Y. 
1883-85,  Surveys  and  location  of  Tunnel  for  New  Croton  Aqueduct.  1885-87, 
Construction  work  New  Croton  Aqueduct  and  extensive  Topographical  Survey  of 
the  Croton  Valley.  1887-88,  in  charge  of  construction  as  Assistant  Engineer  at 
shafts  No.  21,  No.  22  and  No.  23  New  Croton  Aqueduct  (night  shift).  1888-91 
Assistant  Engineer  in  charge  of  the  construction  of  two  large  dams  and  tunnels 
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oonneotiog  the  two  basins  of  Doable  Reservoir  ''I/'  located  two  miles  east  of 
Brewster,  N.  Y.,  on  the  east  branch  of  the  Croton  River.  1891,  Special  Assistant 
Engineer  Cataract  Constmction  Ck»mpany. 

Hunt,  Frederick  Furneaux,  E.  M.,  C.  E.,   .        .        .    1876. 

77  Pine  Street,  New  York  City,  and  New  Brighton,  S.  I. 

Huntington,  Frederick  Woloott,  E.  M.,    .        .        .    1886. 

Address  unknown. 

HuNTOON,  L.  D.,  E.  M.,  Ph.  G., 1896. 

95  Bridge  Street,  Patterson,  N.  J. 
Angnst  to  November,  1896,  Assistant  Chemist  Phila.  Smelting  and  Refining 
Co.,  Pueblo,  Colo.    Deoemba  1896  to  date,  Assayer  American  Reduction  Co., 
(Cyanide  Mill),  Florence,  Colo.    Fall  of  1896  with  Pioketts  &  Banks,  New  York 
City,  making  Metalloigical  tests. 

HuRLBUT,  Elisha  Denison,  Jr.,  C.  E.,  .        .        .        .    1890. 

106  Hicks  street,  Brooklyn,  N.  Y. 
1890-91,  at  Columbia  University  Law  School.  1891-93,  Assistant  in  Mechanical 
Engineering,  School  of  Mines. 

HuTTON,  Frederick  Remsen,  A.  B.,  A.  M.,  E.  M.,  C.  E.,  . 

Ph.  D.  (Life  Member), 1876. 

Columbia,  and  296  Lexington  Avenue,  New  York  City. 
1876-77,  Aflristant  in  Engineering,  School  of  Mines.    1877-82,  Instniotor  in 
Medianical  Engineering.    1882-91,  Adjunct  ProfeeBor  Mechanical  Engineering. 
1891,  ProfesBor  Mechanical  Engineering. 

Hyde,  Frederick  S.,  Ph.  B., 1893. 

Brooklyn  Dept.  of  Health,  and  215  Schermerhom  Street,  Brook- 
lyn, N.  Y. 
1893-94,  Investigations  in  Glass  for  L.  C.  Tiffany,  New  York  City.    Assistant 
Chemist,  Brooklyn  Department  of  Health,  May,  1894,  to  date. 

Hyde,  Henry  St.  John,  Ph.  B.,  ....     1896. 

210  East  18th  Street,  New  York  City. 

I. 

Ihlseng,  Axel  Olaf,  B.  S.,  E.  M.,  C.  E.        .         .        .     1877. 

Carthage,  Mo. 
1877-82,  Chief  Chemist,  Havemeyer  Sugar  Refining  Co.,  Brooklyn,  E.  D.  1882- 
90,  U.  S.  Dep.  Mining  Surveyor,  District  of  Colorado.  1882-83,  Chemist  and 
Assayer,  La  Plata  Smelter,  Leadville,  Colo.  1883,  Metalluigist,  Martha  Rose 
Smelter,  Silverton,  Colo.  1884,  Assayer,  Stoiber  Sampling  Works,  Silverton, 
Colo.  1885,  Duyckinck,  Schuyler  &  Ihlseng,  Ore  Samplers,  Silverton,  Colo. 
1886-90,  Manager  of  Mt.  Queen  Mining  Co.,  Reliance  Mining  Co.,  Brown  Mining 
Co.,  and  the  Hale  Mines,  Silverton,  Colo.  1890-92,  Operating  Zincite  Mine 
and  others  near  Webb  City,  Nevada,  and  in  constructing  concentrating  plants. 
Manager  Pleasant  Valley  Mines,  Carthage,  Mo. 
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Iles,  Malvern  Welis,  Ph.  B.,  Ph.  D.  (Life  Member),     .     1875. 

Superintendent  Globe  Smelting  Co. ,  Denver,  Colo. 
1875-76,  Aflsistant  to  Dr.  Waller  in  the  Qualitative  Laboratory,  School  of  Mines. 
1876-78,  Chemical  Fellow,  Johns  Hopkins  UniTersity.  1878-79,  Assayer  and 
Chemist,  in  Colorado.  1879-80,  Assayer  at  the  Smelting  Works  of  J.  B.  Grant, 
Leadville,  Colo.  1880-83,  Chemist  of  the  Gnuid  Smelting  Co.,  Leadville,  Colo. 
1883-86,  Metallnrgist,  The  Omaha  &  Grant,  S.  and  R.  Co.,  Denver,  Colo.  1886- 
87,  Metallnrgist,  The  Holden  Smelting  Co,  afterwards  changed  to  the  Globe  S.  & 
R.  Co.  1887-95,  in  present  position.  Dr.  lies  has  contributed  articles  npon  As- 
saying, varions  new  Chemical  methods,  Mineralogy  and  Metallurgy  in  various 
publications. 

Ingersoix,  William  Halsey,  A.  B.,  A.  M.,  LL.  B.,  E. 

M.  (Life  Member), 1870. 

Northport,  Suffolk  County,  N.  Y. 
1875-78,  Assistant  in  Engineering,  Columbia  University.    1878-81,  Assistant 
in  Mechanics  and  Astronomy.     1881-87,  Manufacturing  tinware,  Portland,  Conn. 
1887,  to  date,  retired  on  account  of  ill  health. 

Ingram,  Edward  Lovering,  C.  E.,        .        .        .        .     1885. 

•  403  D.  8.  Morgan  Building,  and  378  Pearl  St.,  Buffalo,  N.  Y. 
1885-86,  U.  S.  Inspector  of  River  and  Harbor  Improvements,  Delaware.  1887- 
89,  U.  S.  Surveyor  and  Inspector,  River  and  Harbor  Improvements,  New  York 
and  New  Jersey.  1890-91,  U.  S.  Assistant  Engineer,  River  and  Harbor  Improve- 
ments, Florida.  1891-94,  Principal  Assistant  Engineer,  International  Boundary 
Survey,  United  States  and  Mexico.     1895  to  date,  Consulting  Engineer. 

J. 

Jackson,  Oswald,  C.  E., 1892. 

550  Park  Ave.,  New  York  City. 
1893-93,  Offices  of  Engineering  M.  W.,  U.  R.  R»8.  of  N.  J.  Div.,  P.  R.  R.  1893, 
Engineer  on  Corps  of  Principal  Assistant  Engineer,  U.  R.  R's.  of  N.  J.  Div.,  P. 
R.  R.    1895,  Assistant  Engineer,  the  New  York  Steam  Company.  1896,  Engineer 
Inspector  Dept.  of  Public  Works,  New  York  City. 

Jacobs,  David  Mark,  Ph.  B., 1887. 

R.  J.  Jacobs,  41  New  Street,  and  30  W.  Thirty- eighth  Street,  New 
York  City. 

Jacobs,  Solomon  Joseph,  Ph.  B.,        .        .        .        .     1887. 

R.  J.  Jacobs,  41  New  Street,  and  30  W.  Thirty-eighth  Street,  New 
York  City. 

Janeway,  John  Howell,  E.  M., 1886. 

John  A.  Boebling's  Sons  Co.,  and  124  West  State  Street,  Trenton, 
N.  J. 
1886,  Underground  and  Surface  Surveyor  for  Cooper,  Hewitt  &  Co.     1887-91, 
Draughtsman  and  Designer  and  Constructing  Engineer  of  Wire  Rope  Tiamways 
in  Montana,  Oregon,  Alaska  and  California  for  the  Trenton  Iron  Company,  Tren- 
ton, N.  J. 
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Jenks,  Akthub  Wilton,  E.  M., 1886. 

Superintendent  Establecimiento  Mineral,  Casapalca,  Peru,  S.  Am. 
Summer  1886,  New  Jeney  on  Geological  Work.  1886-87,  in  Cerro  de  Paeoo, 
Peni,'S.  A.  Aasayer  and  Chemist  to  the  commiasion  examining  that  silver  min- 
ing district.  Spring,  1887,  in  New  York,  Chemist  with  Ledonx  &  Co.  1887-88,. 
In  AnroA,  111.,  Assistant  at  the  works  of  the  Chicago  and  Aurora  Smelting  and 
Befining  Company.  Summer  and  Fall,  1868,  In  Dutch  Guiana,  S.  A.,  Aasayer 
and  Assistant  in  the  examination  o(  gold  deposits.  Fall  1888  to  1893,  in  Aurora, 
111,,  Assistant  Superintendent  at  the  Aurora  Works  of  the  Chicago  and  Aurora 
Smelting  and  Refining  Co.  1883,  Superintendent  Kootenay  Reduction  Co.  1894,. 
Superintendent  Balbaoh  Smelting  and  Refining  Co.,  Newark,  N.  J. 

Jeup,  Bernard  John  Theodore,  C.  E.,        .        .        .     1887. 

Assistant  City  Engineer,  119  Walcott  Street,  Indianapolis,  Ind. 

JoBBiNS,  F.  H.,  Ph.,  B., 1895. 

Jobbins  &  Van  Ruymleke,  Analytical  Experts  and  Mfg.  Chemists,. 
Aurora,  111. 

Johnson,  Arthur  Gale,  E.  M., 1885. 

Jensen,  Utah. 

Johnson,  Elias  Mattison,  Ph.  B.,        .        .        .        .     1878. 

Isaac  6.  Johnson  &  Co.,  Spuyten  Duyvil,  N.  Y. 

Johnson,  Gilbert  Henrt,  Ph.  B.,        .        .        .        .     1878. 

Isaac  G.  Johnson  &  Co. ,  Spuyten  Duyvil,  N.  Y. 

Johnson,  Isaac  Bradley,  E.  M., 1879. 

Isaac  G.  Johnson  &  Co.,  Spuyten  Duyvil,  N.  Y. 

Johnstone,  Wm.  B.,  C.  E., 1896. 

47  Central  Avenue,  New  Brighton,  S.  I.,  New  York. 

Jones,  John  Elmer,  E.  M., 1893. 

Asst.  Supt.  Mill  Creek  Coal  Co., New  Boston,  Pa., and  Hazleton,  Pa. 

Jones,  William  Denison,  Ph.  B., 1888. 

Hecker,  Jones,  Jewell  Milling  Co.,  206  Produce  Exchange,  New 
York  City,  and  62  Clark  Street,  Brooklyn,  N.  Y. 

JoPLiNG,  Reginald  Furness,  E.  M.,      ....     1889. 

Jopling  &  Escobar,  Engrs.,  Boom   508  Cuyahoga  Bidg.,  Cleve- 
land, O. 
November,  1889,  to  February  1890,  Chemist,  Otis  Steel  Co.,  Ltd.    February, 
1890-92,  Aasistant  Manager  American  Wire  Co.    Yioe-President  of  same,  Janu- 
ary, 1893. 

Jouet,  Cavalier  Hargrave,  Ph.  B.,  Ph.  D.,    .    .  1882. 

Guggenheim  Smelting  Co.,  Maurer,  N.  J.,  and  Roselie,  N.  J. 
Analytical  Chemist  with  Ledoux  &  Riokette,  1882-8>.      Analytical  Chemist 
with  G.  H.  Nichols  &  Co.,  Acid  Manafaoturers  at  Laurel  Hill,  L.  I.,  from  1885- 
88.    Work  comprising  analyses  of  their  various  products  and  a  partial  supervi- 
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rion  of  tfaeir  numnfaotore.  Analytical  ChemiBt  from  1886  to  present  time  with 
RickettB  &  Banks.  Analyst  with  Guggenheim  Smelting  Co.,  from  Maroh,  1896; 
to  present  time. 


Kastner,  J.  C,  Ph.  B., 1894. 

744  Broadway  N.  Y.  City,  and  Oyster  Bay,  L.  I.,  N.  Y. 

Kelly,  William,  A.  B.,  E.  M 1877. 

Vulcan,  Dickinson  Co.,  Mich. 
1876,  '79,  '80,  Assistant  Superintendent,  Chemical  Copper  Co.,  Phoenixville, 
Pa.  1878,  Chemist,  Nimrod  Furnace  Co.,  Youngstown,  Ohio.  1881-84,  Super- 
intendent, Kemble  Coal  and  Iron  Co.,  Riddleshurg,  Pa.;  1885,  Superintendent, 
Glamoigan  Iron  Co.,  Lewistown,  Pa.;  1886-89,  Superintendent,  Kemble  Iron 
Co.,  Riddleshurg,  Pa.:  In  charge  of  Blast-furnaces,  Coal  Mines,  Coke  Ovens,  Ore 
Mines,  Quarries,  Railroads,  etc  1880  to  date,  General  Sux>erintendent  and  Gen- 
eral Manager  Penn  Iron  Mining  Co.,  Vulcan,  Mich. ;  in  charge  of  Iron  Ore  Mines 
on  the  Menominee  Range,  Lake  Superior.  Also,  1885-89,  President  Board  of 
Examiners  of  Bituminous  Mine  Inspectors  of  Pennsylvania. 

KEiiP,  James  Furman,  A.  B.,  E.  M.,      ....     1884. 

Prof.  Greology,  Columbia  University,  School  of  Mines,  and  211  W. 
139th  St.,  New  York  City. 
Several  months  with  the  Rand  Drill  Co.,  1889-1884.  Private  Assistant  to 
Prof.  J.  S.  Newberry,  1884-85.  Student  of  Geology  and  Mineralogy  at  the  Uni- 
versities of  Leipzig  and .  Mumch,  Germany,  1885-86.  Instructor  in  Geology  at 
Cornell,  1886-88.  Assistant  Professor  of  Geology  and  Mineralogy,  1888-91,  and 
Secretary  of  the  Faculty,  1888-89.  Have  traveled  much  in  the  West,  and  for  five 
summers  past  have  been  working  on  the  Geology  of  the  Adirondaoks,  chiefly  as 
Assistant  to  the  State  Geologist,  Prof.  Jas.  Hall.  Am  especially  engaged  on  Inor- 
ganic and  Economic  Geology.  1891,  Adjunct  Professor  of  Geology,  School  of 
Mines,  Columbia  University.  Professor,  1892.  Secretary  N.  Y.  Acad,  of  Science 
since  1893.  Editor  School  of  Mines  Quarterly,  1895-97.  Manager  Am.  Inst. 
Mining  Engrs,  1896-99.  At  work  on  Geology  of  Eastern  Adirondacks  for  U.  S. 
Greol.  Survey.  Aug.  to  Sept.,  1896. 

KiNSEY,  Frank  Wilmarth,  C.  E.,         .         .         .         .     1891. 

50  Broadway,  New  York  City,  and  10  South  Street,  Newark,  N.  J. 
Assistant  to  Engineers'  Rapid  Transit  Commission,  1891-92.    Engineer  of  Con- 
struction East  Providence  Water  Works,  1892.     Designing  Engineer  with  S.  M. 
Gray,  1892-93.    1893,  Manager  for  R.  W.  Hildredth  &  Co. 

Kjrby,  G.  T.,  E.  E., 1895. 

School  of  Law,  Columbia  University,  and  158  W.  45th  Street, 
New  York  City. 

EissAM,  Henry  Snyder,  Ph.  B., 1886. 

Architect  Psi,  Upsilon  Club,  64  West  39th  St.,  New  York  City. 
1888-89,  Manager  of  Office  of  Pickles  &  Sutton,  Arohitects,  Tacoma,  Washing- 
ton.   1889-90,  Practicing  Architecture  with  P.  W.  Morris,  under  firm  name  of 
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Kls8ain<&  Morrifl,  Tacoma,  WashingtoQ.  1890-9*2,  Praotloing  Architeotare  alone 
under  name  of  Henry  Snyder  Eisaam,  Taooma,  Washington.  1893,  Praotising 
Architecture  ivith  Jno.  G.  Proctor,  under  firm  name  of  Proctor  &  Kiflaam,  Tacoms, 
Washington.  During  189^94,  in  New  York  City,  as  student  of  Construction, 
with  J.  C.  Cady  &  Co.  1895-96,  Superintendent  of  Construction,  Parish  & 
Schneider,  Architects,  New  York  City. 

Klepetko,  Frank,  E.  M., 1880. 

Manager  of  Smelting  Plants  of  Boston  and  Montana,  ConBolidated 
Copper  and  Silver  Mining  Co.  at  Great  Falls. 
Superintendent  Smelting  Department,  Tamarack,  Osceola  Copper  Manufactur- 
ing Company,  Collar  Bay,  Mich.    At  present  Superintendent  of  Construction  of 
the  Great  Falls  Smelter,  for  the  Boston  and  Montana  Consolidated  Copper  and 
Silver  Mining  Company.    AddresB,  Great  Falls,  Montana. 

Koch,  Edward  Cabot,  E.  M., 1879. 

120  E.  9l8t  Street,  New  York  City. 
1880-82,  Araayer  and  Chemist  at  Smelters,  Leadville,  Colo.  18^3-88,  Surveyor 
and  Assistant  Superintendent,  L.  A.  G.  Mfg.  Co.,  Colo.  1889-92,  Assistant  Gen- 
eral Manager  E.  G.  Co.,  Ltd.,  and  V.  G.  Co.,  Ltd.,  Rocky  Bar,  Idaho.  1892  to 
1896,  examining  mining  properties.  1895-96,  Manager  Elmore  Mine,  Rocky 
Bar,  Idaho. 

KoEN,  Joseph  John,  C.  E., 1888. 

Board  of  Health,  301  Mott  Street,  New  York  City,  and  Pearsalls, 
N.  Y. 
1889-90,  Computer  on  New  Croton  Aqueduct.     1890-91,  to  date.  Sanitary  En- 
gineer on  New  York  City  Board  of  Health. 

KxjNHARDT,  Wheaton  Bradish,  E.  M.  (Life  Member),  .     1880. 
(carpenter  Steel  Co.,  1   Broadway,  New  York  City,  and  New 
Brighton,  N.  Y. 
1880-82,  Travel  and  Study  in  the  West  and  in  Europe.     1883-88,  Engineer  for 
the  Bower-Barfif  Rustless  Iron  Co.,  and  Assistant  of  Geo.  W.  Maynard  in  consult- 
ing work  on  Iron-mines  and  Ore-dressing.     1888-89,  First  Assistant  Engineer  of 
the  Boston  Heating  Co.    1890-91,  Diamond  Drill  Exploration  of  Coal  Deposits  in 
Rhode  Island.    Report  on  Direct  Steel  Processes  and  on  Magnetic  Separations  for 
Iron-ores.    Acting  Secretary  of  the  American  Institute  of  Mining  Engineers  for 
four  months.     1893,  President  of  the  Osceola  Placer  Mining  Company.    1894, 
with  Carpenter  Steel  Co.,  1  Broadway,  New  York  City.     1895,  Vice-President 
Carpenter  Steel  Co. 

Kurtz,  Edward  Laurence,  E.  M.,        ....     1893. 

17  Pittsburgh  Street,  New  Castle,  Pa. 

L. 

Lacombe,  Charles  Frederich,  E.  M.,  ....     1885. 

The  Mountain  Electric  Co.,  P.  O.  Box  1545,  and  535-536  Seven- 
teenth Street,  and  1811  Grant  Avenue,  Denver,  Colo.  Also, 
University  Club,  New  York  City. 
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1885-86,  Aaaayer  and  Snrveyor  and  Foreman  of  Lucky  Boy  and  South  Galena 
Mines,  in  Bingham,  Utah.  1886-88,  AssiBtant  Instructor  in  Assaying,  and  Fellow 
in  Chemistry,  School  of  Mines,  Columhia  University,  N.  Y.  1888-90,  Examining 
Gold  and  Silver  Mines  in  Colorado,  Utah,  Montana,  Arizona  and  Old  Mexioo, 

1890,  Testing  Electrical  Apparatus  in  Yiiginia  City,  Nevada.  1890,  Manager  of 
the  Gilpin  Co.  Light,  Heat  and  Power  Co.,  Central  City,  Colo.  1890  to  date, 
President  and  Manager  The  Mountain  Electric  Co.  Specialty,  Installing  Electric 
Light  and  Power  Stations,  and  adapting  electric  light  and  power  for  mining  pur- 
poses. 

Lahet,  Joseph,  E.  M., 1887. 

162  E.  86th  St.,  New  York  City. 

Lahey,  Richabd,  E.  M., 1887. 

Millard  &  Lahey,  1429  Chestnut  Street,  Phila.,  Pa. 

Lamb,  Andrew  Johnson,  E.  M., 1884. 

L.  &  N.  R.  R.  Co.,  Gallatin;  Tenn. 
June,  1884,  to  June,  1887,  New  York  Croton  Aqueduct,  Brauichtsman.    June, 
1888,  to  Sept.,  1890,  Assistant  Engineer,  L.  <&  N.  Railroad.    Sept.  1890,  to  June, 

1891,  Assistant  Roadmaster,  Knox  Div.,  L.  &  N.  Railroad.  June,  1871,  to  date. 
Assistant  Engineer  L.  &  N.  R.  R.  1896,  Roadmaster  L.  <&  N.  R.  R.,  Gallatin, 
Tenn. 

Langmuik,  Arthur  C, 1893. 

Care  Messrs.  Ricketts  &  Banks,  Waverly,  N.  J. 

Langthorn,  Jacob  S.  (Associate;,         ....     1891. 
Asst.  in  Charge  of  Docks  and  Bridges,  Dept.  City  Works,  and  94 
Clinton  Street,  Brooklyn,  N.  Y. 

Lawrence,  Benjamin  Bowben,  E.  M.,  ....     1878. 

Hooker  &  Lawrence,  810  Boston  Avenue,  Denver,  Colo. 
187&-^,  Sui>erintendent,  Montezuma  S.  M.  Co.,  and  of  other  mines  of  Summit 
Co.,  Colo.  1884-91,  Lessee  and  Operator  of  Mayflower  and  Pelican-Dives  Mines, 
Clear  Creek  Co.,  Colo.  In  1886,  Formed  partnership  with  W.  A.  Hooker,  E.  M., 
Class  of  1869,  with  office  at  145  Broadway,  as  Consulting  Mining  Engineers.  I 
make  a  specialty  of  operating  under  lease  or  otherwise,  true  fissure  Gold  and 
Silver  Mines,  also  Concentration  of  Gold-silver  ores.  1893-94,  Georgetown, 
Colo.,  at  the  Pelican-Dives  Mines.     1895,  Manager  the  Perigo  Gold  Mines,  Colo. 

Leary,  Daniel  James,  C.  E.,  E.  M.,      ....     1881. 

43  East  Twenty-fifth  Street,  New  York  City. 
1882  to  date.  Constructing  Highway  and  Railroad  Bridges,  Wharves,  Docks, 
Dredging  and  Harhor  Improvements  generally,  in  vicinity  of  New  York  City,  as 
Designing  and  Supervising  Engineer,  as  well  as  Contractor  in  most  instances.  In 
general,  make  a  specialty  of  hoth  Engineering  and  Constructing  work,  or  Engi- 
neering work  alone,  in  this  branch  of  the  profession. 

Leaby,  George,  C.  E., 1891. 

49  East  Twenty-fifth  Street,  New  York  City. 
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Leavens,  Harry  Wenman,  E.  M.,        ....     1876. 

Broken  Hill  Refinery,  Port  Pirie,  South  Australia. 

LeBoutillier,  Clement,  Ph.  B 1881. 

High  Bridge,  N.  J. 
1884-7,  AflsiBtant  Chemist,  Cambria  Iron  Co.  1887-92,  Chemist,  Eliza  Furnace. 
March,  '92,  to  date,  Chemist,  Taylor  Iron  and  Steel  Company. 

Lederle,  Ernst  Joseph,  Ph.  B., 1886. 

Chief  Chemist,    New  York  City  Health  Dept.,  Criminal  Court 

Bldg. ,  Centre  and  Franklin  Sts. ,  and  471  W.  143d  St. ,  New  York 

City. 

1886-87,  Hon.  Fellow  Qnant.  Anal,  and  Assist.  Intr.  Gen.  Chemistry,  School 

of  Mines.    1887-88,  Chemist,  Cianmoor  Farm,  Tom's  River,  N.  J.     1888-89, 

Asst.  Chemist,  New  York  City  Health  Dept.     1890-91,  Chemist  and  Sapt,  Reed 

A  Camrick,  New  York.    1891  to  March,  1896,  Asst.  Chemist,  New  York  City 

Health  Dept.    March,  1896,  to  date,  Chief  Chemist,  also  Consulting  Chemist  to 

Health  Officer,  Port  of  New  York. 

Ledoux,  Albert  Keid,  M.  S.,  Ph.  D.  (Associate),  .         .     1874. 
Ledoux  &  Co.,  9  Cliff  St.,  and  39  W.  50th  St.,  New  York  City. 

Lee,  George  Barstow,  E.  M., 1885. 

Supt.  Arkansas  Valley  Smelting  Co. ,  Lead ville,  Colo. 
1885,  Assayer,  Butte,  Montana.  1886-87,  Assayer,  Kansas  City  Smelting  and 
Refining  Co.,  Aigentine,  Kan.  1887-90,  Assistant  Superintendent,  Rio  Grande 
Smelting  Co.,  Socorro,  New  Mexico.  1890-93,  Superintendent,  Rio  Grande 
Smelting  Co.,  Soeorro,  New  Mexico.  1894,  Superintendent,  Guggenheim  Smelt- 
ing Co.  1896,  Supt.  San  Felipe  Smelting  Co.,  Mexico.  1897,  Supt.  Arkansas 
Valley  Smelting  Co.,  Leadville,  Colo. 

Leggett,  Thomas  Haight,  E.  M.,        ....     1879. 

P.  O.  Box  485,  Johannesburg,  S.  A.  Rep. 
1880,  Assistant  Engineer,  New  York  River  and  Harbor  Surveys.  1881-83, 
Superintendent  of  Mining  Properties  in  the  Batopilas  District,  Chihuahua,  Mexico. 
1884,  Travelling  in  the  West,  through  the  principal  Mining  Camps,  Butte,  Lead- 
ville, etc.  1884-87,  Mining  Engineer  to  the  New  York  and  Honduras  Rosario 
Mining  Co.,  at  San  Juancito,  Hondoras.  1888,  Manager  of  Mudsill  Mining  Co., 
Fairplay,  Colo. ;  office,  23  Bucklersbury,  London,  £.  C.  1889-90,  General 
Manager,  Darien  Gold  Mining  Co.,  Ltd.,  of  Cana,  Rep.  of  Colombia.  1891-93, 
President  and  Manager,  Standard  Consolidated  Mining  Co.  Cons.  Engr.  8.  Neu- 
mann &  Co.,  of  London  and  Johannesburg  since  July,  1895. 

Lenox,  Lionel  Remond,  Ph.  B 1888. 

Professor  of  Analytical  Chemistry,  Leland  Stanford,  Jr.,  Uni- 
versity, Palo  Alto,  California. 

Levy,  Albert  Lincoln,  E.  M., 1890. 

810  Lexington  Avenue,  New  York  City. 

LiBAiRE,  Edward  William,  C.  E.,        .        .        .        .    1894. 

150  W.  Forty-ninth  Street,  New  York  City. 
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LiEBMANN,  Alfred,  C.  E.,     .        .        .        .         .        .     1893. 

50  Broadway  and  38  E.  Seventy-second  Street,  New  York  City, 
member  of  firm  of  B.  W.  Hildreth  &  Co. 

LiLLiENDAHL,  ALFRED  WHIPPLE,  E.  M.  (Life  Member),  .     1883. 

Superintendent,  Mazapil  Copper  Co.  (Ltd.),  Concepcion  del  Oro, 

Estado  de  Zacatecas,  Mexico,  and  Lakewood,  N.  J. 

1883-85,  AseiBtaDt  Snpt.  Aorora  Smelting  and  Refiniog  Co.,  Anrora,  111.  1885- 

87,    Assistant   Snpt.  Grande  Milling  and  Refining  Co.,   Guanajuato,  Mezioo. 

1888-97,  Superintendent  of  the  Mazapil  Copper  Co.,  Ltd.,  Concepcion  del  Oro* 

Zacatecas,  Mexico.    Superintendent,  Coahuila  and  Zacatecas  Railroad. 

LiLLIENDAHL,  FrANK  ARMSTRONG,  E.  M.,  .  .  .      1891. 

Assistant  Superintendent  and  Metallurgist,  Mazapil  Copper  Co. 
(Ltd.),  Concepcion  del  Oro,  Estado  de  Zacatecas,  Mexico  (via 
Laredo,  via  Saltillo). 
1891-97,  as  above. 

LiLLiE,  Samuel  Morris,  E.  M., 1874. 

328  Chestnut  Street,  Philadelphia,  Pa. 
1874-75,  Chemist,  Kings  County  Refining  Co.,  Green  Point,  L.  I.  1876-85, 
Chemist,  Franklin  Sugar  Refinery,  Philadelphia,  Pa.  1886-87,  Sugar  Engineer 
and  Chemist,  1888-90,  Vice-President  and  Manager  of  ^*The  Sugar  Apparatus 
Manufacturing  Co.,"  a  Company  organized  nnder  the  laws  of  Pennsylvania,  to 
operated  nuder  his  patents.     1891,  President  of  said  Company. 

Lipps,  Henry,  Jr.,  C.  E., 1888. 

897-901  E.  149th  St.,  and  Elliott  Ave.  near  Elizabeth  St.,  New 
York  City. 
From  July,  1888,  to  August,  1889,  Assistant  Engineer  Maint.  of  Way,  Dep.  R. 
&  D.  R.  R.,  W.  N.  C.  &  Va.  Mid.  Div.     August,  1889,  to  January,  1890,  Super- 
visor Track,  N.  C.  Div.  R.  &  R.  R.    January,  1890,  Engineer  Maint.  of  Way, 
N.  C.  Div.  R.  &  D.  R.  R. 

Little,  Wellard  Parker,  E.  M.,  Ph.  B.,      .        .        .     1881. 

Little  &  O'Conner,  Architects,  Astor  Court  Bldg.,  20  West  Thirty- 
fourth  Street,  New  York  City. 

Livingston,  Archibald  Rogers,  C.  E.,        .        .        .     1891. 

20  North  Washington  Square,  New  York  City. 
Since  November,  1891,  in  employ  of  Lackawanna  I.  &  S.  Co.,  Scranton,  Pa. 

LoNGACRE,   Lindsay  B.,  M.  E.,  B.  D.  (Drew  Theol. 

Seminary  1896), 1892. 

Tarrytown  and  Spuyten  Duyvil,  N.  Y. 
Graduated  with  class  of  1896,  Drew  Theological  Seminary. 

Lord,  Frederick  Reuben,  C.  E., 1892. 

General  Manager,  Clifton  Coal  Co.,  Bay  Street,  cor.  Yanderhilt 
Ave.,  Clifton,  and  Box  228,  Stapleton  P.  O.,  Richmond  Co.,  N.Y. 

Love,  Edward  Gurley,  A.  M.,  Ph.  B.,  Ph.  D.,     .        .     1876. 
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Analytical  and  Consulting  ChemiBt,  €ras  Examiner,  Department 
Public  Works,  122  Bowery,  and  80  East  55th  Street,  New  York 
City. 

LowENSTEiN,  Joseph,  Ph.  B., 1896* 

205  Belmont  Avenue,  Newark,  N.  J. 

LuDLAM,  Frank  (Associate), 1896. 

Heins  &  La  Farge,  7  Beekmau  St.,  and  18  W.  16th  St.,  New  York 
City. 

Ludlow,  Edwin,  E.  M., 1879- 

Superintendent  Choctaw  Coal  and  Railway  Company,  Hartshorn, 
Indian  Territory. 
1879-81,  Assistant  Engineer  in  chaige  of  hydrographio  work  on  Delaware  RiTer 
nnder  U.  S.  Engineer.  1881,  AsBistant  Engineer  Mexican  National  Kailroad, 
Mexico.  1882-89,  Assistant  Superintendent,  then  Superintendent,  for  Pennsyl- 
yania  Railroad  coal  mines  at  SbamoKin,  Pa.  1889,  to  date,  Superintendent  of 
Mines,  Choctaw  Coal  and  Railroad  Company,  Hartshorn,  Indian  Territory. 

LuQUEB,  Lea  McIlvaine,  C.  E.,  Ph.  D.  (1894),    .        .     1897. 

Tutor  in  Mineralogy,  School,  of  Mines,  New  York  City,  and  8 
Pierrepont  St. ,  Brooklyn  N.  Y. 
Summer  of  1897,  Assistant  in  Geodetic  Surveying  with  Professor  Rees.  Sum- 
mer of  1897,  Assistant  in  Surveying  with  Professor  Monroe.  Summer  of  1888, 
Assistant  in  Geodetic  Surveying  with  Prosessor  Rees.  1887-90,  Fellow  in  Min- 
eralogy, School  of  Mines.  1890,  Assistant  in  Mineralogy,  School  of  Mines.  1891 
to  date,  Tutor  in  Mineralogy,  School  of  Mines.  1895-96,  Lecturer  and  Instruc- 
tor in  Mineralogy  during  aheence  of  Professor  Moses  in  Europe. 

LuQUER,  Thatcher  Taylor  Payne,  C.  E.,  E.  E.,  (1892),      1889- 

Care  of  Metropolitan  Telephone  and  Telegraph  Co.,  18  Cortlandt 
Street,  New  York  City,  and  Bedford,  N.  Y. 
1890,  Fellow  in  Engineering.  1890-91,  Fellow  in  surveying  and  Practical 
Mining.  1891,  Assistant  in  Mining,  Columbia  University,  School  of  Mines.  1892, 
with  H.  Ward  Leonard  &  Co.,  New  York  City.  1893,  Engineer,  Union  Electric 
Co.,  New  York  City.  1894,  Engineer  the  Fiber  Conduit  Company,  New  York 
City.    1895,  Engineering  Dept.  M.  T.  &  T.  Co. 

LusK,  Graham,  A.  M.,  Ph.  B.,  Ph.  D.,  .        .        .         .     1887* 

Assistant  Professor  of  Physiology  at  the  Yale  Medical  School,  New 
Haven,  Conn.  Address :  47  East  Thirty-fourth  St.,  N.  Y.  City. 
1887-1888,  Student  at  Munich.  1889,  Student  at  Munich ;  also  at  Bellevne 
Hospital  Medical  Collie,  N.  Y.  1890,  Studied  at  Bellevne ;  afterwards  in 
Munich.  1891,  studied  in  Munich  and  was  later  appointed  Instnxctor  of  Phy- 
siology at  the  Yale  Medical  School.  1892,  Assistant  Professor  of  Physiology. 
1895,  Professor  of  Physiology.  1896,  contributed  the  chapter  '*  The  Chemistry 
of  the  Animal  Body ''  to  the  American  Text-book  of  Physiology. 

LuTTGEN,  Eberhard,  Ph.  B., 1884. 

Wissabickon  Chemical  Works,  Ambler  and  Chelten  Hills,  Wyn- 
cote  P.  O.  Pa. 
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1884-85,  Assistant  Chemist,  Crane  Iron  Company,  Catasauqna,  Pa.,  1886  to 
date.  Chemist  and  Manager,  Eeasb^  &  Mattison's  Chemioal  Works,  Ambler,  Pa. 
Specialty,  mannfaotare  of  magnesia. 

Lyman,  Frank,  A.  B.,  M.  E., 1878. 

Deputy  Commissioner  City  Works,  Room  15  Municipal  Building, 
and  50  Remsen  Street,  Brooklyn,  N.  Y. 

M. 

McCaffery,  Richard  S.,  E.  M., 1896. 

Care  The  Backus  &  Johnston  Co.,  Lima,  Peru,  S.  A.,  and /or  maU 
316  East  124th  Street,  New  York  City. 

McCoNWAY,  Wm.  Lytle,  E.  M., 1896. 

Bedford  Avenue,  Pittsburgh,  Pa. 

McIlhiney,  Parker  C,  A.  M.,  Ph.  D.,        .        .        .     1892. 

School  of  Mines,  Columbia  University,  New  York  City,  and  72 
Monticello  Ave.,  Jersey  City,  N.  J. 
Snmmer  of  1892,  Chemist  Fibre  Pipe  Co.    1893-94,  Hon.  Asst.  in  Assaying. 
1894,  Aast.  in  Metallurgy. 

McKenna,  Charles  Francis,  Ph.  B.,    .        .         .         .     1883. 

221  Pearl  St.,  and  144  W.  Ninety-ninth  St.,  New  York  City. 
1883-84,  Chemist  Havemeyer  Sugar  Refining  Company,  Jersey  City, '  N.  J. 
1885-86,  Chemist  Cambria  Company,  Johnstown,  Pa.  1887-90,  Chemist  Edge- 
water  Lime  Works,  Edgewater,  N.  J.  1890,  Chemist  Jas.  J.  McKenna  &  Bros. , 
Braes  Founders,  424,  426  East  Twenty-third  Street,  New  York  City.  1893,  Di- 
rector, Physical  Testing  Department,  Laboratories,  Dr.  G.  E.  Moore,  221  Pearl 
Street,  New  York  City. 

McKiM,  Robert  Albert,  C.  E., 1884. 

Room  213,  280  Broadway,  New  York  City,  and  Rochelle  Park, 
New  Rochelle,  N.  J. 
Assistant  Engineer  on  New  Croton  Aqnedact.     (Entered  Aqneduct  Engineer 
Corps  as  Chainman,  in  February,  1885. ) 

McKiNLEY,  Wm.  Bradford,  E.  M.,       ....     1896. 

Care  Wm.  Jarvis,  Tumaco,  Rep.  Colombia,  S.  America. 
Assistant  at  Pelican-Pines  Mine,  Georgetown,  Colo.,  Oct. -Dec.,  1895.    Mine 
Clerk  at  Peerless  Coal  Mine,  Aguilar,  Colo.,  Dec.,  1895  to  Feb.,  1896,  General 
Assay  Office  at  La  Belle,  Taos  Co.,  New  Mexico,  May  to  Nov.,  1896.    March, 
1897,  Assistant  Engineer  Playa  de  Ore  Mining  Co.,  Ecuador,  S.  A. 

McLaughlin,  Charles  Swain,  Pel  B.,        .        .        .     1884. 

874  Broadway,  and  2041  Fifth  Avenue,  New  York  City. 

MacKate,  Harold  Steele,  C.  E.,        .        .         .        .     1887* 

45  Broadway  and  201  W.  106th St.,  New  York  City. 
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Three  months*  work  in  New  York  Harbor  in  Army  Corpe  of  Engineers.  One 
year's  employment  in  the  Office  of  Patent  Solicitors.  1889-92,  acting  as  Fourth 
Assistant  Examiner  of  the  U.  S.  Patent  Office.  Since  July,  1892,  Patent  Counsel 
for  Westinghouse  Electric  and  Manufacturing  Company. 

MacTeague,  John  Joseph,  E.  M.,        ....     1883. 

Address  unknown. 

Maclay,  James,  C.  E., 1888. 

Tutor  in  Mathematics,  Columbia  College,  and  87  Union  Street, 
Newark,  N.  J. 

Mahony,  Arthur  Stuart,  E.  M.,        ....     1889. 

51  W.  Ninety-fourth  Street,  New  York  City. 
1890,  First  Assistant  General  Manager  of  the  New  Birmingham  Iron  and  Land 
Company.     1891,  Treasurer  of  the  same  company,  also  Chemist  to  the  Tasste 
Belle  Furnace,  New  Birmingham,  Texas.     1893,  Contractor. 

Malukoff,  a.  J., 1893. 

39  Whiting  St.,  Boston  Highlands,  Boston,  Mass. 

Mannheim,  Hermann  Charles,  E.  M.,         .         .         .     1887. 
Mail  returned.     Care  of  R.  A.  Parker,  Johannesburg,  S.  A.  R., 
South  Africa. 

Mannheim,  Paul  August  Louil,  E.  M.,        .        .        .     1885. 

United  Smelting  and  Refining  Company,  East  Helena,  Montana. 

Marie,  Leon,  E.  M., 1885. 

152  West  Eighty-sixth  Street,  New  York  City. 

Marsh,  John  Bolmn,  E.  M., 1887 

Address  unknown. 
1887,  Chief  Engineer,  Indiana  Bridge  Company. 

Martin,  Edward  Ward  (Associate),     ....     1877. 
Chemist,  Board  of  Health,  301  Mott  Street,  New  York  City. 

Mass  A,  Charles  Griswold,  C.  E.,        .        .        .         .     1889. 

Fort  Lee,  N.  Y. 
Sinoe  October,  1889,  on  varied  engineering  work,  inoluding:  Topographical 
Survey,  Greenwood  Lake,  N.  Y.,  1889  ;  Stmctaral  Steel  Shop  Inspection  with  R. 
W.  Hildreth  &  Co.,  at  Phoenix ville,  Pa.,  1890,  and  at  Harrisburg,  Pa.,  1894  ; 
Construction  Lehigh  Valley  Ry.  Extension,  Geneva,  N.  Y.,  1890 ;  Street  Railway 
Constmction,  Allegheny,  Pa.,  1890-91 ;  R.  of  W.,  Maintenance,  Construction, 
Nwthwest  System,  Penna.  Lines,  1891-93;  Construction,  Masonry,  Dam,  Etc., 
Newton,  N.  J.,  Water  Works,  1895. 

Massa,  Louis  Ferdinand,  C.  E., 1890. 

136  Liberty  Street,  New  York  City,  and  Fort  Lee,  N.  J. 
October,  1890-92,  shop  practice,  Maryland  Steel  Works,  at  Sparrow's  Point, 
Md.,  as  follows :  October,  1890,  to  July,  1891,  Machine-shop  practice.    Jaly, 
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1891,  to  September,  1891,  Beaeemer  Mill  CoDstrnction.  September,  1881,  to  Sep- 
tember, 1892,  Bessemer  Rail-mill  and  Roll-boose ;  Mecbanical  and  Metallurgical 
Engineeriug.  October,  1892-93,  PoAt-gradnate  Electrical  Engineer  at  Columbia 
College.  February,  1894,  to  date,  Electric  Engineering,  Construction  and  Con- 
structing. 

Masters,  H.  K.,  E.  M., 1894. 

Nicbols Chemical  Co.,  Laurel  Hill,  L.  I.,  and  173  Congress  Street, 
Brooklyn,  N.  Y. 

Mathis,  Theophilus  Smith,  E.  M.,       ....     1879. 
Engineer  of  Mines,  and  U.  S.  Surveyor  General's  Office,  and  529 
East  Street,  Salt  Lake  City,  Utah. 
From  January,  1890,  to  February,  1891,  Assistant  Draughtsman  U.  S.  Surveyor 
OeneraPs  Office,  Salt  Lake  City,  Utah.    Since  February,  1891,  Chief  Draughts- 
man of  Mineral  Division  of  said  Office,  and  still  holds  that  position. 

Mayer,  Ralph  Edward,  C.  E.,     .         .         .         .         .     1879. 
Instructor  in  Mechanical  Drawing,  School  of  Mines,  Columbia 
College,  New  York  City. 

Meisel,  F.  C.  a.,  Ph.  B., 1892. 

Examiner  Chemist,  U.  S.  Laboratory,  402  Washing^n  Street,  New 
York  City,  and  44  Strong  Place,  Brooklyn,  N.  Y. 
1892-93,  Ist  Asst.  Chemist  National  Lead  Co.     1893-94,  Chemist,  International 
Phosphate  Co.     1895  to  date.  Examiner  Chemist,  U.  S.  Laboratory. 

Meissner,  Carl  August,  Ph.  B., 1880. 

General  Mgr.  Londonderry  Iron  Co.,  Londonderry,  Nova  Scotia. 
One  year,  assistant  Chemist  Joliet  Steel  Company.  Three  years.  Chemist  and 
Assistant  Superintendent  Brier  Hill  Iron  and  Coal  Company,  Youngstown,  Ohio. 
One  and  a-half  years,  Head  Chemist  Joliet  Steel  Company.  Three  years,  Manager 
Sterling  Iron  and  R'wy  Company,  Sterlington,  N.  Y.  At  present,  Yioe-President 
and  General  Manager  of  the  Vanderbilt  Steel  and  Iron  Company,  Birmingham, 
Ala.,  after  having  personally  organized  this  company.  President  JefFerson  County 
Mining  and  Quarrying  Company. 

Melliss,  D.  Ernets,  A.  M.,  Ph.  D.  (Associate),  .  .  1868. 
Price's  Building,  524  Sacramento  Street,  San  Francisco,  Cal. 
Student  regular  course,  three  years.  School  of  Mines.  Afterwards,  two  and 
■a-half  years  University  of  Goettingen,  graduating  Ph.D.,  in  1869.  One  year  at 
University  of  Vienna.  Since  then,  constantly  occupied  in  civil  and  mining  engi- 
neering. In  1873  was  Chief  Engineer  in  charge  of  Topographical  and  Geological 
Survey  of  Guanooaste  and  Niooya  for  the  Costa  Rioan  Government.  In  1881,  Con- 
aulting  Engineer  to  the  Pacific  Gas  Light  Company,  of  San  Francisco,  and  in  its 
interest  studied  the  different  gas-making  systems  in  the  United  States,  England, 
France  and  Belgium.  Have  made  plans  for  and  erected  numerous  gold,  silver, 
•copper  and  lead  mines.  Planned  the  Union  Iron  Works,  of  San  Francisco,  and 
superintended  their  construction ;  also  the  Arctic  Oil  Works  and  several  other  in- 
dustrial establishments  on  the  Pacific  Coast.  Designed  and  built  the  Mazatldn 
Water  Works,  in  Mexico  ;  the  Hydraulic  Preas  Brick  Works,  of  California,  the 


60 

largest  establishment  of  its  class  on  the  Pacific  Coast.  Four  years  in  Central 
America  and  Mexico.  Was  Administrator  of  8(in  Jos^  de  las  Bocas  and  Consnlt- 
ing  Engineer  to  Gnadalnpe  de  los  Keyes,  the  most  successful  silver  mine  of 
Sinaloa.  Now  Copsnlting  Engineer  in  San  Francisco,  and  particularly  occupied 
in  that  capacity  for  the  Olympic  Salt  Water  Company,  whose  works  are  now  being 
erected  under  his  supervision  and  according  to  his  plans. 

Merrill,  Frederick  James  Hamilton,  Ph.  B.,  Ph.  D,,      1885- 

State  Museum,  and  268  State  Street,  Albany,  N.  Y. 
1885-87,  Assistant  on  the  Geological  Survey  of  New  Jersey.    1886-90,  Fellow 
in  Geology,  Columbia  University.    1890  to  date,  Assistant  State  Geologist  and 
Assistant  Director  of  the  New  York  State  Museum,  Albany,  N.  Y. 

Merritt,  James  Haviland,  Ph.  B.,  A.  M.,     .        .        .     1880. 

8  Munro  Place,  Brooklyn,  N.  Y. 
From  1881-68,  Chemist  to  the  Bradley  White  Lead  Co.    In  1889,  entered  the 
School  of  Mines  as  Post-Graduate  in  the  course  of  Architecture.    1892-93,  Archi- 
tectural Study. 

Merz,  Eugene,  E.  M., 1892. 

Box  216  and  143  Littleton  Ave.,  Newark,  N.  J. 
Assistant  Superintendent  American  Ultra  Marine  Works. 

Meserole,  Walter  Monfort,  C.  E.,     .        .        .        .     1881. 

189  Montague  St.,  and  2789  Atlantic  Avenue,  Brooklyn,  N.  Y. 
1881,  Transitman  and  Topographer  Continental  Railway  Co.  1881-83,  Assist. 
Eng.  in  Construction,  N.  Y.,  West  Shore  and  Buffalo  Ry.  1884-85,  Division  En- 
gineer Maintenance  of  Way  ;  1885,  Chief  Engineer  Catekill  Mountains  and  Cairo- 
Railway.  1885,  in  charge  Tojpographical  Survey  for  Kings  County  Charities' 
Commission.  1886  to  date,  in  General  Practice,  located  at  Brooklyn,  N.  Y. 
Specialties :  Improvement  and  Development  of  Real  Estate  and  Surveying  for 
Lcigal  and  Construction  Purposes  ;  City  Surveyor  of  the  City  of  Brooklyn  ;  Chief 
Engineer  South  Brooklyn  K.  R.  and  Terminal  Company,  German-American  Im- 
provement Company  and  Hancock  and  State  Line  Railway  Company. 

Messiter,  E.  H.,  C.  E., 1894. 

Arkansas  Valley  Smelting  Co.,  Leadville,  Colo. 
1889,  Draughtsman,  New Croton  Aqueduct.  1891  (Summer  vacation).  Draughts- 
man, Mfg.  Inyestment  Co.,  Madison,  Me.    Mill  Construction,  June,  1894,  to 
Novemher,   1894.    Inspector  under  Wm.   Barclay,   Parsons,   C.   £.  November, 

1894,  June,  1895,  Engineer  Guggenheim  Smelting  Co.,  Perth  Amboy,  N.  J.  June^ 

1895,  to  January,  1896,  Chief  of  Party,  Surveys  for  Rapid  Transit  Commission, 
N.  Y.  City.  January,  1896,  to  November,  1896,  Engineer  Guggenheim  Smelting 
Co.,  Perth  Amboy,  N.  J.  November,  1896,  to  April,  1897,  Engineer  Philadelphia 
Smelting  &  Refining  Co.,  Pueblo,  Colo.  April,  1897,  to  date.  Engineer  Arkansas 
Valley  Smelting  Co.,  Leadville,  Colo. 

Meyer,  Herman  Henry  Bernard,  E.  M.,      .        .        .     1885. 

639  W.  Twentieth  Street,  New  York  City,  and  for  Mail  844  Put- 
nam Avenue,  Brooklyn,  N.  Y. 
Surveying,  Field  and  Office  work  at  Pelham  Park,  Westchester  Co.,  July  to- 
November,  1895.    December,  1895,  to  date.  Engineer  for  Oregon  Iron  Works,  Nervr 
York  ;  designing  and  erecting  machinery  for  manufacturing  illuminating  gas. 


61 
MiDDETON,  John,  C.  E., 1887. 

2789  Atlantic  Avenue,  and  14  Glenade  Place,  Brooklyn,  N.  Y. 
1888  to  date,  Surveyor,  A»istanj;  to  W.  M.  Meserole,  C.  E. 

Miller,  Chables  Lewis,  E.  M., 1885. 

Illinois  Steel  Company,  3179  Ashland  Avenue,  and  3609  Ellis 
Avenue,  Chicago,  111. 
1886,  Assistant  Chemist  Edgar  Thomson  Steel  Works,  Braddock,  Pa.  1886-87, 
Chemist  and  Assistant  Snpt.  Carhon  Iron  &  Pipe  Co.,  Parryville,  Pa.  1887-90, 
8upt.  The  MisBonri  Fnrnaoe  Co.,  St.  Louis,  Mo.  1890  to  1896,  Snpt.  Blast  Fur- 
naces at  Union  Works  of  Illinois  Steel  Co.,  Chicago,  111.  Since  August,  1896, 
Oenl.  Supt.  Union  Works,  111.  Steel  Co.,  Chicago,  111. 

Miller,  Charles  Watts,  E.  M., 1884. 

Box  401,  Aspen,  Colo. 
1884-85,  Metallurgical  Engineer  Hecla  Bronze  and  Iron  Works.     1885-86,  As- 
say er  and  Chemist,  Aspen,  Colo.    1886-91,  Mining  Engineer  and  United  States 
Deputy  Mineral  Surveyor,  Aspen,  Colo.    General  mining  engineering  husiness. 

Miller,  Edmund  Howd,  Ph.  B.,  A.  M.  (1892),  Ph.  D. 

(1894), 1891. 

Tutor  in  Assaying,  Columbia  University,  School  of  Mines,  and 
West  Nyack,  Rockland  Co. ,  N.  Y. 
1892-1897,  Tutor  in  Analytical  Chemistry  and  Assaying,  School  of  Mines. 

Miller,  Rudolph  Philip,  C.  E., 1888. 

141  East  Fortieth  Street,  New  York  City. 
1888-1890,  Assistant  to  E.  M.  W.  1890-94,  Supervisor  R.  and  D.  Railway  till 
April,  1894.  August  to  November,  1894,  with  W.  S.  Miller,  Builder,  New  York 
City.  November,  1894,  to  October,  1895,  with  Long  Island  R.  R.  as  transitman 
and  assistant.  December,  1895,  to  date,  with  Department  of  Buildings,  New 
York  City. 

Miller,  Samuel  O.,  C.  E., 1895. 

West  Nyack,  N.  Y. 
From  June  to  September,  1895,  field  and  office  work  for  Ramapo  Water  Co. 
January  to  March,  1896,  Engaged  in  Mine  Surveying  for  the  Sterling  Iron  and 
R.  R.  Co.,  Sterlington,  N.  Y.    From  March,  1896,  to  date,  in  the  employ  of  the 
Department  of  Buildings  of  New  York  City. 

MiLLiKEN,  George  Fanshawe,  E.  M.,  ....     1870. 

Land  Department,  N.   P.  R.    R.,   Tacoma,   Wash.,  and  Union 

League  Club,  New  York  City. 

1879-80,    Superintendent    "Milton    Mining   Company."     1880-83,    General 

Manager  "Chester  Mining  Company.''    1883-87,  in  General  Consulting  Practice 

as  Engineer.     1887-90,  General  Manager  "  Costa  Rica  Mining  Co.,  Ltd.''    1890, 

to  date.  Consulting  Engineer  Northern  Pacific  Railroad. 

MoLDEHNKE,  RicHARD  George  Gottlob,  E.  M.,  Ph.D,,       1885. 
McConway  &  Torley  Co.,  Forty-eighth  Street  and  A.  V.  R.  R., 
and  164  Home  Street,  Pittsburgh,  Pa. 
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1885-87,  Three  Summer  seasoiis  with  United  States  Coast  and  Geodetic  Survey, 
New  York  and  Philadelphia  Harbors  and  Gape  Cod,  Mass.,  Hjfdrographie  Work, 
Triangulation,  Levelling,  etc  1885-86,  Winter,  nine  months,  Sanitary  Engineer- 
ing.  Inspector,  etc.,  New  York  Association  for  Improvement  of  Condition  of  Poor. 
1887-89,  Electrical  Engineering ^  five  months  Mining  Engineer  Sprague  Electric 
Railway  and  Motor  Co.,  seven  months  Mechanical  Engineer  Crocker- Wheeler 
Motor  Co.,  five  months  experimenting  on  patents  taken  out.  1889,  Manufactur- 
ing for  myself.  Specialty  in  Machinists'  Tools.  1889-90,  Professor  Mechanical 
and  Electrical  Engineering,  Michigan  Mining  School,  Houghton,  Mich.  1890,  to 
date.  Engineer  MoConway  &  Torley  Co.    Expert  in  Malleable  Castings. 

MoNELL,  Joseph  Thompson,  C.  E.,        .        .        .        .     1889. 

136  Liberty  St.,  and  236  W.  Twenty-second  St.,  New  York  City. 
1891,  Electrical  Engineering,  Curtis  Electrical  Mfg.  Co.     1892,  Tutor  in  As- 
tronomy, Columbia  College. 

Montenegro,  Manuel  Rafael,  E.  M.,  ....     1890. 

539  W.  Twentieth  Street,  New  York  City,  and  63  Washington 
Street,  Hoboken.  N.  J. 
1890,  Spiral  Weld  Tube  Company,  East  Orange,  N.  J.,  and  studying  machine- 
shop  practice.     1891-92,  engaged  in  the  formation  of  mining  companies.     1892  to 
date.  Assistant  Superintendent  Oregon  Iron  Works,  New  York  City. 

Mora,  Mariano  Luis,  C.  E., 1891. 

Genl.  Elec.  Co.,  Schenectady,  N.  Y. 
Graduate  Post-graduate  Course  Electrical  Engineering,  1894. 

MoRAN,  Daniel  Edward,  C.  E., 1884. 

Sooysmith  &  Co.,  Mills  Building,  and  26  W.  Eighteenth  Street, 
New  York  City. 

Morgan,  William  Fellowes,  A.  B.,  E.  M.  (Life  Member),  1884. 

Brooklyn  Bridge  Freezing  and   Storage  Co.,  Arch  4,  Brooklyn 
Bridge,  New  York  City,  and  Short  Hills,  N.  J. 
1884-88,  Banking  and  Brokerage.    1888  to  date,  as  above. 

MosELY,  Richard  E^eeler,  Ph.  B.,        .        .        .        .     1889. 

Architect,  Boom  C,  Produce  Exchange  Building,  New  York  City, 
and  139  Glenwood  Avenue,  East  Orange,  N.  J. 
From  June,  1889,  to  January,  1893,  worked  as  Draughtsman  in  the  Offices  of  S. 
J.  O'Connor,  Carr^re  &  Hastings,  and  Richard  M.  Hunt,  of  New  York,  and  Benj. 
Silliman,  of  Yonkers,  N.  Y.    Since  January,  1893,  practicing  Architecture  inde- 
pendently at  the  ahove  address. 

Moses,  Alfred  Joseph,  E.  M.,  Ph.  D.,  .        .         .        .     1882. 

Adj.  Professor  Mineralogy,  Columbia  University  School  of  Mines. 
1882-85,  Assistant  in  Mineralogy,  School  of  Mines.     1885-90,  Instructor  in 
Mineralogy  and  Metallurgy.     1890  to  1897,  Adjunct  Professor  of  Mineralogy. 
Managing  Editor  School  of  Mines  Quarterly. 
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MuLFORD,  Robert,  E.  M., 1884. 

Mgr.  Frazer  &  Chalmere,  80  Broadway,  New  York  City,  and  144 

S.  Second  Avenue,  Mt.  Vernon,  N.  Y. 

1890,  Aasifltant  Saperintendent  Kio  del  Oro  Gold  Co.,  Ai^entine  Republic,  S. 

A.    1891,  Honduras?    1893,  General  Manager  of  The  Kanimapoo  Gold  Mining 

Ck>.,  Limited,  of  Geoi*getown,  Demerara,  British  Guiana,  and  am  now  in  the 

employ  of  Frazer  &  Chalmers. 

MuLLER,  George,  Ph.  B., 1887. 

634  East  One  Hundred  and  Thirty-ninth  St. ,  New  York  City. 
1895,  Chemist,  Puget  Sound  Reduction  Co.,  Everett,  Washiugtou. 

Munroe,  Henry  Smith,  E.  M.,  Ph.  D.,  .        .        .        .     1869. 

Professor  Mining,  Columbia  College  School  of  Mines,  and  45 
Sidney  Place,  Brooklyn,  N.  Y. 
1869-70,  Post-graduate  Student  in  Chemistry  and  Economic  Geology,  School  of 
Mines.  1870-71,  Assistant  Geologist  Ohio  State  Geological  Survey.  1870-72, 
Assistant  Chemist,  Deiiartment  of  Agriculture,  Washington,  D.  C.  1871^-75, 
Assistant  Geologist  and  Mining  Engineer,  Geological  Survey  of  Yeddo,  Japan. 
1875-76,  Professor  of  Geology  and  Mining,  University  of  Tokio,  Japan.  1877-91, 
Adjunct  Professor  of  Surveying  and  Practical  Mining,  and  1891,  Professor  of 
Mining,  School  of  Mines,  Columbia  University,  New  York  City.  1881-84,  Manager, 
and  1890-92,  Vice-President  American  Institute  Mining  Engineers. 

MuNROE,  Otis  Mortimer,  Ph.  B., 1879. 

Banker,  De  Soto,  Mo. 

MuNSELL,  Charles  Edward,  Ph.  B.,  Ph.  D.,        .         .     1878. 

F.  W.  Devoe  &  C.  T.  Raynolds  Co.,  110  Horatio  Street,  New  York 
City,  and  Rye,  N.  Y. 
November,  1878,  with  A.  E.  Foote,  Mineral  Dealer,  Philadelphia.  March 
1879,  with  T.  a.  Edison,  Menlo  Park,  N.  J.  May,  1879,  Chemist,  Bushwiok 
Chemical  Works,  Brooklyn,  N.  Y.  October,  1879,  Stencilographer  and  Celestyper, 
School  of  Mines,  N.  Y.  January,  1880,  to  December,  1885,  Milk  Inspector,  New 
York  City  Health  Department.  July,  1881,  to  May,  1883,  State  Milk  Inspector, 
New  York  State  Board  of  Health.  1886  to  1895,  Analyst  and  Assistant  Chemist. 
F.  W.  Devoe  and  C.  T.  Raynolds  Co.,  New  York  City.  Specialty,  Paints  and 
Colors. 

Murphy,  Henry  Morgan,  E.  M., 1878. 

Murphy  Varnish  Co. ,  Chestnut  and  MeWhorter  Streets,  Newark, 
N.  J. 

Murphy,  John  Glenville,  E.  M.,  C.  E.,       .        .        .     1877. 

Grand  Union  Hotel,  New  York  City. 
Assistant  Superintendent  Orinoco  Exploring  and  Mining  Co.,  Gold  Mine. 
Assistant  Superintendent  Callao  Gold  Mining  Co.  Territorial  Geologist  of  Wyom- 
ing. Superintendent  Esmeralda  Mining  Co.,  Black  Hills,  Dakota,  Gold  Mine, 
Superintendent  New  York  and  Lee  Mountain  Syndicate,  Montana,  Lead-Silver 
Mines.  Has  made  professional  examinations  in  nearly  all  parts  of  the  United 
States,  the  Pachuca  Silver  and  Jngnann  Copper  Districts  in  Mexico,  and  two  and 
a  half  years  ago  made  a  six  months'  trip  in  Colombia  and  Ecuador. 
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N. 

Navarro,  John  Adalberto,  C.  E.,        .        .        .        .     1880. 

Seminario  No.  1,  Mexico  City,  Mexico,  and  care  Mexican  Consul 
General,  35  Broadway,  New  Y(5rk  City. 
1881-82,  Civil  EngineeriDg  Course  in  Polytechnicam,  Hanover,  Germany. 
1882-84,  Mexican  Government  CommisBioner  to  study  railway  systems  of  Europe. 
1885-6,  Railroad  Inspector  in  Interooeanic  Railroad,  Mexico.  1886-87,  Assistant 
Compiler  of  Memoir,  published  by  Department  of  Public  Works  (Fomento), 
Mexico.  1887  to  date.  Engineer  in  charge  of  Surveys  and  Representative  in 
Bhiapas  of  the  Mexican  Land  and  Colonization  Co. 

Neftel»  Knight,  C.  E.,  Ph.  D., 1879. 

115  Broadway,  New  York  City. 

Nesmith,  James,  E.  M., 1879. 

256  Henry  Street,  Brooklyn,  N.  Y. 

Newberry,  Spencer  Baird,  E.  M.,  Ph.  D.,    .        .         .     1878. 

The  Sandusky  Portland  Cement  Co.,  Sandusky,  Ohio. 
1878-92,  Professor  of  Chemistry,  Cornell  University,  Ithaca,  N.  Y. 

Newberry,  Wolcott  Ely,  E.  M.,         ....     1884. 

Colorado  Springs,  Colorado. 
1884r-85,  Metallurgist,  Gasa  Grande  Co.,  Arizona.  1885^86,  Assistant  Superin- 
tendent Cananea  Mg.  Co.,  Sooora,  Mexico.  1886-87,  Superintendent  Argentum 
Mining  Co.,  Aspen,  Colo.  1837,  General  Manager  Aspen  Mg.  and  Smelting  Co., 
Aspen,  Colo.  1888  to  present  time.  General  Manager  Enterprise  Mg.  Co.,  Aspen, 
Colo.  Superintendent  Ai«i>en  Contract  Co.,  Aspen,  Colo.  Superintendent  Mutual 
Benefit  Milling  and  Mining  Co.,  Asi>en,  Colo.  1892,  General  Manager  Isabella 
Gold  Mining  Company,  Cripple  Creek,  Colorado.  1893,  as  above.  1894,  Mining 
Engineer,  Colorado  Springs.  1896,  Mining  Engineer,  Examining  Mines  in  South 
America. 

Newbrough,  Wiixiam,  a.  B.,  E.  M.,     .        .        .        .     1884. 

174  West  One  Hundred  and  Seventh  Street,  New  York  City. 

Newhouse,  Edgar  Lieber,  E.  M .,        .        .        .         .     1886. 

75  and  77  Worth  Street,  New  York  City. 

Nichols,  Ralph,  E.  M.,  C.  E., 1877. 

Superintendent,  De  La  Mars,  Nev.  G.  Mg.  Co.,  Delamar,  Lincoln 
Co.,  Nevada. 
1878,  Ore  Sorter,  Hukill  Mine,  Idaho  Springs,  Colo.  Later,  Assistant  in  F.  £. 
Brown's  Civil  and  Mining  Engineering  office,  Georgetown,  Colo.  Later,  Assayer 
and  Chemist  La  Plata  M.  and  S.  Co.,  Leadville,  Colo.  Appointed  U.  S.  Deputy 
Mineral  Surveyor  in  1879.  1879-82,  Civil  and  Mining  Engineer  at  Leadville, 
Colo.,  with  following  firms  :  Page,  Nichols  &  Co.,  and  Nichols  &  Dunham. 
Superintendent  Farwell  Cons.  Mining  Co.'s  Gold  Mill  at  Independence,  Colo. 
Superintendent  of  the  Big  Pittsburg  Cons.  Mining  Co.,  Leadville.  1883,  Super- 
intendent of  the  Viola  Mining  and  Smelting  Co.  Later  General  Manager  of  same 
until  1891.  Since  then  have  been  mining  and  working  mines  on  lease.   Examined 
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mines  in  Colorado,  Idaho,  Nevado,  and  Mezioo.  1894,  General  Superintendent 
The  Ck>m8tock  Tannel  Co.  Interested  in  mines  in  Colorado  and  Idaho,  and  am 
working  mines  in  Idaho  under  lease.  Have  acted  as  ore  buyer  for  the  Cons. 
Kansas  City  S.  and  R.  Co.,  and  am  at  present  representing  the  Globe  S.  and  R. 
Co.,  in  this  State. 

Noble,  Louis  Spencer,  E.  M., 1885. 

Address  unknown. 
1885-89,  Mining  Engineer  to  Iron-Silver  Mg.  Co.,  and  Nisi  Prius  Cons.  Mg. 
Co.,  of  Leadville,  Colo.  Also  during  1889  Consulting,  Reporting  and  Lawsuit 
work  on  other  Colorado  properties.  1889-90,  Superintendent  of  Mines  and  Mining 
Engineer  to  Constanoia  Milling  and  Smelting  Co.,  at  Sierra  Mojada,  Coahulia, 
Mexico.  1890-91,  Mining  Engineer  on  Lawsuit  preparation,  with  Blue  Bird 
Mining  Co.,  Ltd.,  of  Butte,  Montana.  Specialty,  Lead,  Silver  and  Gold  Mines 
and  Mining. 

Nolan,  Thomas,  M.  S.,  Ph,  B., 1884. 

Nolan,  Nolan  &  Stern,  Architects,   1017  Chamber  of  Commerce 
Building,  Rochester,  N.  Y. 

Norms,  Dudley  Hiram,  E.  M., 1877. 

123  West  Thirty-fourth  Street,  New  York  City. 

NoRRis,  Robert  Van  Arsdale,  E.  M.,  .        .        .     1885. 

Assistant  Engineer,  P.  R.  R.,  Dept.  of  Anthracite  Coal,  Room  28 
First    National   Bank  Building,    and   24  S.    Franklin   Street, 
Wilkesbarre,  Pa. 
1885,  Assistant  in  Practical  Mining  and  Surveying,  School  of  Mines.     U.  S. 
Inspector  of  Dredging,  in  charge  of  Maurice  River  Improvement,  Millville,  N.  J. 
1886,  Chemist,  Herman  Behr,  Manufacturer  of  Colors,  Brooklyn,  N.  Y.    June, 
1886,  to  date,  Assistant  Engineer,  Pennsylvania  Railroad  Department  of  Anthra- 
cite Coal  Collieries.    Specialty,  Mechanical  Engineering  of  Collieries. 

Norton,  Lucien  Holley,  E.  M., 1886. 

Penna.  Smelting  Co.,  Sandy,  Utah. 

1887-1890,  Engineering  Office,  N.  Y.,  N.  H.  <&  W.  R.  R.  Experience  in  Rail- 
road Construction,  Location  and  Preliminary  Surveys,  Office  Work  and  General 
Surveying.  1890,  Assayer  and  Engineer  to  West  Indian  New  Gold  Mining  Cor- 
poration, San  Domingo,  West  Indies.  Experience  in  Free  Melting  of  Gold  ores, 
Assaying,  Surveying,-  etc.  January,  1891-92,  Assayer  for  Daly  Mining  Co.,  Park 
City,  Utah.  Experience  in  Assaying,  General  Analyses.  Also  Leaching  of  Silver 
ores  hy  the  Russell  Process.     1892  to  date,  as  above. 

NoYES,  James  Atkins,  Ph.  B.,  A.  B.  (Harvard,  '83), 

(Life  Member),       .         .         .         .         .         .         .     1878. 

71  Sparks  St.,  Cambridge,  Mass. 
Editor  Quinquennial  Catalogue,  Harvard  University. 

No  YES,  William  Skaats,  E.  M., 1875. 

Shatter,  Presidio  County,  Texas,  and  2023  Summit  Street,  Oak- 
land, Cal. 
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1877-79,  Afiaayer  for  McCraokin  Mining  Co.,  Mohave  Co.,  Arizona.  1879-1881, 
Foreman  of  Bodie  Mill,  for  Bodie  Coal  Mining  Co.,  Bodie,  Cal.  1681-1883, 
Examining  Minea  for  San  Francisoo  Capitalists.  1883  to  present  time,  Snperin- 
tendent  of  Presidio  Mining  Co.,  and  The  Cibilo  Creek  Mill  and  Mining  Co., 
Shafter,  Presidio  Co.,  Texas. 

Nye,  Alvin  Crocker,  Ph.  B., 1884* 

Hayden  Furn.  Co.,  1  West  Thirty-fourth  St.,  and  107  E.  Seven- 
tieth Street,  New  York  City. 
1884-85,  Draughtsman,  C.  C.  Haight,  Architect,  New  York  City.     1885-90, 
Designer  and  Head  Dranghtsman,  Herter  Brothers,  New  York  City.     1890  to 
date,  Fnmitnre  Designer  and  Architect,  The  TifEany  Glass  Co.,  New  York  City. 
1892,  Chief  Designer  as  ahove. 

0. 

O'Connor,  Michael  Joseph,  E.  M.,  Ph.  B.,  .        .     1881. 

Little  &  O'Connor,  Architect  (1884),  the  Aster  Court  Building,  20 
West  Thirty-fourth  Street,  New  York  City. 

O'Connor,  Thomas  Devlin,  Ph.  B.,      .        .        .        .    1881. 

O'Connor  &  Elliot,  16  Exchange  Place,  and  12  E.  Forty-fourth 
Street,  New  York  City. 

Of,  Charles,  E.  M., 1896. 

892  Prospect  Ave.,  New  York  aty,  N.  Y. 

Olcott,  Eben  Erskine,  E.  M., 1874. 

Mining  and  Metallurgical  Engineer,  18  Broadway,  and  38  W. 
Thirty-ninth  Street,  New  York  City. 
1874-75,  Chemist  to  Ore-Knoh  Copper  Co.,  in  chaige  of  Hunt  &  Douglas  Pro- 
cess. 1875-76,  Assistant  Supt.  Penna.  Lead  Co.'s  Works,  Mansfield  Valley,  Pa. 
1876-78,  Assistant  Sapt.  Orinoco  Exploring  and  Mining  Co.,  at  their  Grold  Mine& 
in  Venezuela.  1878-79,  Snpt.  of  the  same.  1879-^1,  Examining  Mines  in  Colo- 
rado, Utah,  Nevada  and  California,  for  New  York  Investors.  1881-85,  Sapt.  St. 
Helena  Gold  Mines,  Sonora,  Mexico.  1885,  opened  office  in  New  York  as  Con- 
sulting Engineer,  and  since  then  has  heen  engaged  as  Consulting  Mining  and 
Metallurgical  Engineer,  in  Pern,  Repuhlic  of  Colombia,  Dutch  and  British 
Guiana,  Mexico,  British  Columbia,  Ontario,  New  Brunswick,  and  the  United 
States.  1895,  Consulting  Mining  and  Engineer  and  Genl.  Mgr.  Hudson  River 
Day  Line.     Member  of  firm  Olcott,  Feam  &  Peele  Consulting  Mining  Engineers. 

Ormsbee,  James  Jackson,  E.  M., 1886. 

Superintendent  Tenn.  Coal,  Iron  &  Ry.  Co.,  Heni*y  Ellen,  Ala. 
1886-91,  Mining  Engineer  of  Tracy  City  Division  of  Tennessee  Coal,  Iron  and 
Railroad  Co.  1891-92,  Superintendent,  Thomas  Coal  Mines,  of  Tennessee  Coal, 
Iron  and  Railroad  Co.,  Whitwell,  Tenn.  1892-94,  Engineer  and  Superintendent 
Sequachee  Valley  Coal  and  Coke  Co.  1894,  Superintendent  Poplar  Creek  Div. 
Tenn.  Coal,  Iron  and  Railroad  Co. 

OSTERBERG,  Max,  E.  E.,  A.  M., 1894. 

27  Thames  Street,  and  113  East  Sixty-fifth  Street,  New  York  aty. 
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Summer  '94,  after  graduation  :  Editor  of  the  Proceedings  of  the  Chicago  Elec- 
trical CoDgresB.  Practical  shopwork  in  a  dynamo  factory.  October  1st,  Appointed 
Aflsooiate  Editor  of  Electric  Power.  During  season  '94-95,  Instructor  of  Electri- 
cal Engineering  at  the  National  School  of  Electricity,  at  the  Y.  M.  C.  A.  in  New 
York  City  and  Stamford ^  Conn.  Fall  '94,  Reentered  College  to  pursue  poet- 
graduate  studies.  June  '95,  was  appointed  University  Fellow  in  Mechanics. 
January,  '96,  Author  of  ^^Synopeis  of  Carrenl  Eledrical  Literaiure.^^  Established 
as  Consulting  Engineer  and  Electrical  Expert  on  Sept.  1,  '96. 

OsTERHELD,  Theodore  W.,  E.  M,,  ....     1886» 

Consulting  Eng. ,  Apartado,  No.  38c,  Puebla,  Mexico. 
Assistant  Superintendent  of  Blast  furnaces,  P.  S.  Co.,  1686-87.  General 
Foundry  Practice,  Worthington  P.  "Works,  1887-88.  Owner  of  Foundry  and 
Greneral  Iron  Works,  1888-89.  Vice-President,  Pendleton  Mining  Co.,  and  Con- 
sulting Engineer,  1889,  '90,  '91,  and  General  Consulting  Engineer,  Iron  and  Coal 
Specialty,  and  Metalluigist  of  Iron  and  Finished  Manufiicturing.  Interval  of 
1880-91,  of  the  months  December  to  May,  Superintending  Construction  of  Rolling 
Mill,  Southwest  Virginia.  Specialty,  Coal  and  Iron  of  the  Vii^nias.  President, 
of  the  Southern  Reducing  Co.,  Experts,  Chemists  and  Mining  Engineers.  Locating 
Engineer,  C.  &  M.  R.  R.,  Cartagena,  '91-92  ;  Chief  Engineer,  C.  &  Z.  R.  R.,  '93-94- 
95,  Coabguila,  Mexico.  '95  to  present  date.  Consulting  Engineer  and  Member  of 
the  Banking  Firm,  Rosst,  Head  en  &  Co.,  Puebla,  Mexico. 

Owen,  Frederick  Nash,  E.  M., 1878. 

Civil  and  Sanitary  Engineer,  115  East  Forty-fifth  Street,  New 
York  City. 

P. 

Page,  George  Stephen,  E.  M., 1885. 

Care  of  Park  Bros.  &  Co. ,  Limited,  Pittsburgh,  Pa. 
1885-86,  Assistant  Chemist  Edgar  Thompson  Steel  Works.    From  July,   1886, 
to  date,  Manager  of  Steel  Works  with  Park  Bro.  &  Co.,  Ltd.    Specialty  :    Manu- 
facture of  Open-Hearth  and  Crucible  Steel. 

Page,  William  Stevens,  E.  M., 1882. 

Aqueduct  Commission,  Sing  Sing,  N.  Y. 

Painter,  Charles  Albert,  E.  M.,        ....     1884. 

J.    Painter  &  Sons,   Pittsburg,  Pa.,  and  208   Western  Avenue, 
Allegheny  City,  Pa. 

Painter,  George  Edwards,  Ph.  B.,      .        .        .         .     1883. 

J.  Painter  &  Sons  Co.,  Pittsburg,  Pa.,  and  212  Western  Avenue, 
Allegheny  City,  Pa. 

Parker,  Andrew  McClean,  E.  M.,       ....     1880. 

Acting  Ist  Assistant  Engineer,  Dept.  of  Docks,  Pier  A,  and  35  W. 
One  Hundred  and  Nineteenth  Street,  New  York  City. 

Parker,  Herschel  Cufford,  Ph.  B.,   .        .        .        .     1890. 

Dept.  of  Physics,  Columbia  University,  New  York  City,  and  21 
Ft.  Green  Place,  Brooklyn,  N.  Y. 
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1^90-91,  Fellow  in  PhysicsB,  Assistant  InstmotoTy  Course  in  Physical  Measure- 
ments. 1891-93,  Assistant.  1893-97,  Tutor  in  Physics.  Instructor  in  Electrioal 
Measurements. 

Parker,  Richard  Alexander,  C.  E.,  £.  M.,  .        .     1878. 

Consulting  Mining  Engineers,  403  Lyceum  Bldg. ,  Duluth,  Minn. , 
and  East  Ohio  Street,  Marquette,  Mich. 
1878-79,  Assistant  Superintendent,  Montezuma  Silver  Mining  Co.,  Montezuma, 
Colo.  1880-81,  Surveyor  at  Georgetown.  1881-82,  Chief  Draughtsman,  Mexican 
Natl.  Cons.  Co.,  Ijiredo.  Texas.  1883-84,  Examining  Mines  in  Colorado,  Utah 
and  Idaho  mainly.  1885-86,  Superintendent,  Atlanta  Hill  Gold  Co.  Also  Super- 
intendent of  the  Big  Lode  (Gold)  Co.,  Atlanta,  Alturas  Co.,  Idaho.  1887  to  date. 
Resident  Manager  and  Agent  for  Samson  Iron  Co.,  Imperial  Iron  Co.,  and  Barasa 
Iron  Co.  Also  Consulting  Mining  Engineer.  Specialties,  Gold  and  Silver  Min- 
ing and  Milling,  and  Iron  ores. 

Parks,  John  Randolph,  E.  M., ]  880. 

Helena,  Mont. 
Consulting  Mining  Engineer. 

Parraga,  Charles  Frederick,  C.  E.  (Life  Member),    .     1883. 

58  William  Street,  and  145  W.  Ninety -seventh  Street,  New  York 
City. 
1883-84,  Inspector  of  Construction  of  Bridges  and  Railroad  Material  in  Europe. 
1884-^,  Railroad  Engineer  in  Colombia,  S.  A.     1887  to  date.  General  Expert 
Business.    1891,  Del^ate  from  Colombia  to  the  Inter-Continental  Railway  Com- 
mission at  Washington,  D.  C. 

Parrot,  Edward  Monroe,  E.  M.,         ....     1870. 

Ontario,  Wayne  County,  N.  Y. 

Parsons,  Henry,  C.  E., 1888. 

Secy,  and  Treas.  So.  Ca.  &  G.  R.  R.,  15  Broad  St.,  and  1033 
Madison  Avenue,  New  York  City. 

Parsons,  William  Barclay,  A.  B.,  C.  E.,     .        .        .     1882. 

22  William  Street,  and  51  East  Fifty-third  Street,  New  York  City. 
Previous  to  gradnation  served  as  Assistant  Engineer  Amot  and  Pine  Creek 
Railroad  and  Blossburg  Coal  Mine.  After  graduation  entered  Maintenance  of 
Way  Department  of  the  New  York,  Lake  Erie  and  Western  Railroad.  Resigned 
in  1885  and  oommenced  practice  as  Consulting  Engineer,  New  York,  as  such  have 
had  charge  of  much  heavy  engineering  construction.  At  present  Chief  Engineer 
Rapid  Transit  Commission,  New  York  City. 

Payne,  Clarence  Quint ard,  E.  M.,      ....     1882. 

President  Payne  Separator  Co.,  9  Cliff  Street,  New  York  City, 
and  Stamford,  Conn. 

Pearis,  Charles  Fowler,  E.  M.,  ....     1884. 

Box  374,  Helena,  Mont. 
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Peck,  Staunton  Bloodgood,  C.  E.,  E.  M.,  .    .    .  1886» 

Link  Belt  Machinery  Co.,  Thirty-ninth  Street  and  Stewart  Avenue, 
Chicago,  HI.,  and  111  East  Thirty-fourth  Street,  New  York  City. 
One  and  a  half  years  Mechanical  Engineer,  Bnrr  &  Dodge,  Philadelphia.  Two 
years  Assistant  Chief  Engineer  Link  Belt  Engineering  Company,  Philadelphia. 
Since  1888,  Assistant  Chief  Engineer  Dodge  Coal  Storage  Company.  Since  1890- 
and  at  present.  Chief  Engineer  Link  Belt  Machinery  Company,  Chicago.  Spec- 
ialty, handling  materials  in  hulk  or  package  and  power  transmissions. 

Peele,  Robert,  E.  M., 1883. 

"The  Monterey,'*  One  Hundred  and  Fourteenth  Street,  and 
Momingside  Park,  New  York  City. 
1883,  Asaayer,  DesignoUe  Reduction  Works,  Charlotte,  North  Carolina.  1883- 
84,  Assay er  and  Assistant  Sap*t  Silver-King  Mining  and  Milling  Co.,  Montezuma, 
Colorado.  1884-86,  Foreman,  Dry-crnshing  and  Amalgamating  Silver-mill, 
Silver-King  Mining  Co.,  Pinal,  Arizona.  1886,  went  to  En  .'land  to  examine 
systems  of  Sewage  disposal  used  in  inland  towns.  1887,  Professional  work  as 
assistant,  in  New  York  and  Arizona.  1888,  Examining  gold-mines  in  Repahlic 
of  Colombia,  S.  A.  Sapt.  Mudsill  Mining  Co.,  Ltd.,  Fairplay,  Colorado.  Ex* 
aminations  and  Ore-testini{  on  Copper  and  Tin  Properties,  New  Mexico  and 
North  Carolina.  1889,  Examining  Gold  placers,  Dutch  Guiana,  South  America. 
1889-90,  Supt.  Oregon  Gold-mining  Co.,  Cornucopia,  Oregon.  1890-92,  Examin- 
ing Silver-,  Tin-,  and  Gold-mines  in  Peru,  Bolivia,  and  Republic  of  Colombia, 
S.  A.,  for  the  Peruvian  Exploration  Syndicate,  Ltd.,  London,  and  Lima,  Peru. 

1892,  Adjunct  Prof,  of  Mining,  School  of  Mines,  Columbia  Collie. 

Pellew,  Charles  Ernest,  E.  M.,  ....     1884. 

College  Physicians  and  Surgeons,  437  West  Fifty-ninth  Street,  and 
61  East  Fifty-fourth  Street,  New  York  City. 
1884-85,  studied  chemistry  at  Lehigh  University  and  Bethlehem  Steel  Works. 
1885-87,  studied  chemistry,  physics,  microscopy  and  bacteria  at  School  of  Mines 
and  at  College  Physicians  and  Surgeons.  Private  Assistant  to  Professor  Chandler. 
1887  to  date.  Instructor  and,  later.  Demonstrator  in  Physics  and  Chemistry  at 
College  Physicians  and  Surgeons.  Hon.  Fellow  in  Applied  Chemistry,  School  of 
Mines.  Also  in  general  chemical  practice  with  Professor  Chandler  (as  partner). 
Specialty,  chemical  and  other  expert  work,  including  medical  and  sanitary  ques- 
tions, e,  g.,  toxicology.     Also  as  patent  expert  in  chemical  and  physical  subjects. 

Pengnet,  Charles  Paul,  C.  E., 1896. 

231  West  Forty-fifth  Street,  New  York  City,  N.  Y. 

Pennington,  Joseph  Pope,  A.  M.  (Associate),   .    .  1868. 

Morristown,  N.  J. 
1881-83,  Assistant  Engineer  E.  T.  V.  &  G.  R.  R.,   1883-84  Engineer  Tombstone 
Mill  and  Mining  Co.,   1885-93,  railroad  construction  with  general  contractors. 
Assistant  Secretary,  Louisville,  St.  Louis  and  Texas  Railway.     Resigned  August, 

1893.  Previous  responsibilities  as  actuary  in  connection  with  life  insurance  in- 
terests. 

Perrine,  George,  C.  E., 1894. 

22  William  Street  and  716  West  End  Avenue,  New  York  City,  N.  Y. 
With  Chief  Engineer  Rapid  Transit  Commission,  N.  Y.  City,  since  graduatnig. 
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Perkins,  Thomas  Slade,  Ph.  B., 1888. 

Ninth  Street  and  Gowanus  Canal,  South  Brooklyn,  and  39  Garden 
Place,  Brooklyn,  N.  Y. 
1889  to  date,  New  York  Tartar  Company. 

Pierce,  Frederick  Emery,  C.  E.,  ....     1892. 

Dept.  of  City  Works,  Room  49  Municipal  Bldg.,  and  71  Columbia 
Heights,  Brooklyn,  N.  Y. 
1892,  Learner  in  Bessemer  Mill,  Maryland  Steel  Co.,  Sparrow's  Pt.,  Maryland. 
1893,  Draughtsman,  New  Jersey  Steel  and  Iron  Co.,  Cooper,  Hewitt  &  Co.,  New 
York  City.  Trenton,  N.  J.  1895,  P.  R.  R.  Engineer  in  corps  of  Principal  Assist- 
ant Engineer  at  Jersey  City.  1895-97,  Engineer-draughtsman,  Wallaboat  Im- 
provement Dept.  of  City  Works,  Brooklyn. 

PiEz,  Charles,  E.  M., 1889. 

Chief  Engineer  Link  Belt  Engineering  Co.,  Nicetown,  and  3124 
North  Broad  St.,  Philadelphia,  Pa. 
1889-91,  Draftsman  with  the  L.  B.  E.  Co.     1891-92,  Assistant  Chief  Engineer 
L.  B.  E.  Co.    Since  1892,  Chief  Engineer  of  the  L.  B.  £.  Co.,  and  the  Dodge  Coal 
Storage  Company,  Philadelphia. 

PiNKHAM,  Herbert,  C.  E., 1895. 

Office  Prin.  Asst.  Eng.  Pa.  R.  R.  Co.,  Jersey  City,  N.  J.,  and  176 
W.  Slst  Street,  New  York  City. 
1895  to  date,  in  Engineer  Corps,  Principal  Assistant  Engineer,  U.  R.  Rds.  of 
N.  J.  Div.,  Penna.  R.  R. 

PiSTOR,  William,  E.  M., 1868. 

Architect,  No.  1  Madison  Avenue,  New  York  City. 

Pitkin,  Lucius,  A.  B.,  Ph.  B., 1881. 

138  Pearl  Street,  New  York  City. 
1881-85,  Chemist  to  Laurel  Hill  Chemical  Works,  of  Nichols  Chemical  Com- 
pany, heavy  chemicals,  especially  sulphuric  acid.  1885  to  date,  Analytical  and 
consulting  Chemist,  at  ahove  address.  Specialty  in  consulting.  Mannfacture  of 
acids  and  heavy  chemicals,  treatment  of  pyrites  and  copper  smelting.  Analytical 
work.  General  hut  special  exxierience  in  argentiferous  and  auriferous  copper  ores 
and  products.    Microscopical  and  experimental  investigations. 

PoLLEDO,  YsiDoso  Ygnacio,  E.  M.,       ....     1885. 

Address  unknown. 
1885,  Assistant  Engineer,  Survey  for  Water- Works  for  city  of  Santiago  de  Cuha. 
1886-89,  Assistant  Engineer  and  Principal  Assistant  Engineer  in  charge  of  trade 
and  structures,  Cdrdenas  and  Jticuro  R.  R.,  Cdrdenas.  1889-1890,  Manager  of 
Santa  Barhara  Sugar  Plantation,  Bar6.  1894-95,  General  Manager  Cdrdenas 
Sugar  Refining,  Cardenas. 

Porter,  H.  Hobart,  Jr.,  E.  M., 1886. 

Westinghouse  Electric  and  Mfg.  Co.,  120  Broadway,  New  York 
City,  and  Lawrence,  L.  I.,  N.  Y. 
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1686-87,  Fellow  in  Geology,  School  of  Mines,  Columbia  University.  18K7-88, 
Surveyor  and  Assay er  Mexican  Ore  Company,  Sierra  Mojada,  Mexico.  1888-89, 
Assistant  Mining  Engineer,  Batopilas  Mining  Company,  Batopilas,  Mexico. 
1889-00,  Surveyor  and  Assayer,  Duquesne  Mining  Co. ;  Assistant  Superintendent, 
Ray  &  Poorman  mine  examinations,  same  company;  Assistant  Superintendent 
Sierrita  County,  Arizona,  same  company.  1890-91,  Engineer  with  C.  W.  Hunt 
Company.  1891  to  date,  Westinghouse  Electric  and  Mfg.  Co.  Member  of  firm 
of  Sanderson  &  Porter,  Engineers  and  Contractors. 

Porter,  John  Bonsall,  E.  M.,  Ph.  D.,    ...  1882. 

Prof,  of  Mining  and  MetPgy.,  McGill  University,  Montreal, 
Canada. 
Assistant  Engineer  and  Expert  in  tests  of  metals  for  various  railways  and  cor- 
X>orations.  Lecturer  of  Mechanical  Engineering  and  Metallurgy  in  University  of 
Cincinnati  for  some  years.  At  present,  and  for  several  years  past.  Engineer  Main- 
tenance of  Way,  C.  H.  <&  D.  R.  R.  system.  Headquarters,  Cincinnati,  O.  Chem- 
ical Engineer  Proctor-Gamble  Co.,  Ivory  dale,  O. 

Post,  Abram  Skidmore,  C.  E., 1884. 

173  Madison  Avenue,  New  York  City. 

Potter,  William  Bleecker,  A.  B.,  E.  M.,    .        .        .     1869. 

Consulting  Mining  Engineer,  1225-1227  Spruce  St.,  St.  Louis,  Mo. 
Professor  Metallurgy  and  Mineralogy,  Washington  University,  St.  Louis,  Mo., 
to  1893. 

Powell,  Frederick,  A.  B.,  E.  M.,        ....     1883. 

Room  96  Kemble  Bldg. ,  Whitehall  St. ,  New  York  City. 
1883-84,  Mechanical  Draughtsman  and  Engineer.  1885,  Assayer  at  Duluth, 
Examination  and  Reports  on  Mineral  Deposits  in  northeastern  Minnesota  and 
Canada,  Assayer  and  Manager  for  Sentinel  Gold  Mining  Co.  of  Minneapolis  and 
Colorado.  1686  to  1888,  Superintendent  and  Manager  in  Colorado  for  Denbigh 
Mining  Co.,  of  New  York.  1888-92,  Miscellaneous  Surveying.  1893,  Engineer 
for  Charlotte  Mineral  and  Mining  Co.,  Charlotte,  N.  C.  Examining  and  Report- 
ing on  Mines  in  North  Carolina.  June,  1894,  to  1896,  Mining  Engineer,  Char- 
lotte, N.  C. 

Powers,  Lewis  J.,  Jr.,  E.  M., 1884. 

Connecticut  River  Paper  Company,  Holyoke,  and  Springfield, 
Mass. 
1885,  Superintendent  Vermont  Construction  Company,  St.  Albans,  Vt.    1886, 
Superintendent  Standard    Pulp   Company,   Springfield,    Mass.      1887-88,    As- 
sistant Superintendent  Union  Paper  Manufiicturing  Company,  Holyoke,  Mass. 
1888  to  date.  Agent  Connecticut  River  Paper  Company,  Holyoke,  Mass. 

Preston,  William  Evan,  C.  E., 1889. 

Foot  E.  Ninety-second  Street  and  980  Trinity  Avenue,  New  York 
City. 
1889  to  date,  submarine  blasting  and  dredging  for  U.  S.  harbor  work  with  grap* 
pie,  divers  and  centrifugal  pump. 
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Prince,  John  L.,  E.  E., 1894. 

Edison  Elec.  111.  Co.,  of  New  York,  53  Duane  Street,  New 
York  City  and  868  Flatbush  Avenue,  Brooklyn,  N.  Y. 
Summer  of  1694,  Electric  Light  Station  of  the  Flatbash  Gas  Co.,  Flatbuab, 
L.  I.  Fall  of  1894,  with  the  General  Electric  Co.  installing  plant  for  the  Bridge- 
port Traction  Co.,  Bridgeport,  Conn.  Spring  of  1895,  in  the  Department  of  Pnb- 
lic  Works,  Brooklyn,  N.  Y.  October,  1895.  to  date,  Inspection  Department  of 
the  Edison  Electric  lUnmiDating  Co.,  of  N.  J. 

Prosser,  Herman  A.,  E.  M., 1896. 

406  Stuyvesant  Avenue,  Brooklyn,  N.  Y. 
Summer  of  1896,  Assistant  Engineer  Northwestern  Mining  &  Exchange  Co., 
Pa.    1896-97,  Electrical  Engineering  coarse  at  Columbia. 

Provost,  Andrew  Jackson,  Jr.,  C.  E.,  ...     1889. 

Municipal  Building,  and  401  Washington  Avenue,  Brooklyn,  New 

York. 

1889  to  1894,  Assistant  Engineer  in  Sewage  Construction,  Department  City 

Works,  Brooklyn,  N.  Y.     1894-96,  Engineer  in  charge  Sewerage  design,  Dept. 

City  Works,   Brooklyn,   New  York.     1896-97,   Secretary  Brooklyn  Engineers' 

Club,  Consulting  Engineer,  Columbian  Colliery  Company. 

B. 

Randolph,  John  Cooper  F.,  A.  B.,  A.  M.,  E.  M.,  .     1869. 

Consulting  Mining  Engineer,  Mills  Building,  15  Broad  Street,  New 
York  City. 

Randolph,  James  Fitz,  B.  S.,  E.  M.,     ....     1876. 

64  Madison  Avenue,  Morristown,  N.  J. 

Raymond,  Robert  Matthew,  A.  B.,  E.  M.,  .         .         .     1880. 

Kalgoorlie,  West  Australia. 
1880-82,  Assistant  Assayer,  State  of  Maine  Assay  Office,  Portland,  Me.  168^ 
86,  Assayer  and  Assistant  Superintendent,  Haile  Qold  Mine,  S.  C.  188S-89, 
School  of  Mines.  1889-90,  Assayer  and  afterwards  Assistant  Superintendent, 
Montana  Smelting  Co.,  Great  Falls,  Mont.  1891,  Superintendent,  The  Diamond 
Mining  Co.,  Neihart,  Mont.  1894,  General  Manager  Harqua  Hala  Gold  Mining 
Co.,  Harqua  Hala,  Ariz.  1896-97,  General  Manager  Harqua  Hala  Gold  Mining 
Co.,  Ltd.,  Arizona  and  West  Australia.  General  Manager  Brownhill  Proprietary 
Gold  Mines,  Ltd.,  and  Bepresentative  Mines  Selection  Co.,  Ltd. 

Raynor,  Russell,  Ph.  B., 1889. 

Criminal  Court  Building,  and  114  E.  Forty-fifth  Street,  New  York 
City. 
Sept,  1889,  to  Aug.,  1891,  Chemist,  with  Martin  Kalhfleisch  Sons  Co.    Sept., 
1891,  to  April,  1892,  Assistant  Chemist,  Barher  Asphalt  Co.     May,  1892,  to  date, 
Assistant  Chemist  New  York  Health  Dapartment. 

Reckhakt,  Daniel  William,  E.  M.  (Life  Member),      .     1884. 

Prop.  Independent  Assay  OflSce,  Box  88  El  Paso,  Texas. 
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Regkhabt,  Geobge  Fredebick,  C.  E.,  .        .        .        .    1892. 

Commonwealth  Mining  and  Milling  Co.,  Pearce,  Cochise  County, 
Arizona. 
Member  of  ^ 'South western  Mining  Assooiation*'  ( Inoorporated  ).  Surveyor 
and  Aasayer  for  Cia  Minera  La  Aventurea,  Sabinal,  Estado  de  Chihuahua,  Mezioo, 
since  September,  1894.  From  February,  1894,  to  August,  1694,  was  on  Engineer- 
ing Staff  of  South  Shore  Railroad  Co.,  Ltd.,  of  Nova  Scotia,  Canada.  1896, 
Manager,  The  Furners  &  Lewis  Co.,  Pachuca,  Estado  de  Hidalgo,  Mexico.  Since 
September,  1896,  with  Commonwealth  M.  and  M.  Co.,  Pearce,  Arizoua. 

Reed,  Stlvanus  Albert,  A.  B.,  A.  M.,  E.  M.  (Life 

Member), 1877. 

Manager  Tariff  Association  of  New  York  (Fire  Underwriters)  32 
Nassau  Street,  New  York  City. 
1878,  Secretary  to  Assistant  Commissioner  General,  Paris  Exposition.  1879, 
Lectured  on  Chemistry.  Keported  on  Mines  in  Colorado.  1880-81,  Superintend- 
ent and  part  Proprietor,  Sampling  and  Concentration  Works  in  Colorado,  and 
Reported  on  Mines  there  and  in  Idaho  and  in  the  South.  1886,  Consulting  Prac- 
tice in  New  York,  Patent  Expert  work  and  on  Dredging  in  New  York  Harbor. 
1886-91,  Superintendent  Inspection  Department  of  Fire  Insurance  Co.  (  Common- 
wealth of  New  York  ).  1893,  Expert  for  New  Insurance  Sating,  Mercantile  Sec- 
tion of  Boston.  May,  1893,  appointed  Manager  Western  Factory  Insurance  As- 
sociation. Special  Agent  Western  Department  of  Continental  Insurance  Co. 
1894,  Manager  Tariff  Association  Fire  Underwriters,  New  York  City. 

Rees,  John  Kbom,  Ph.  D.,  A.  B.,  A.  M.,  E.  M.  (Life 

Member), 1876. 

Professor  of  Astronomy  and  Director  of  Observatory,  Columbia 
University,  and  1  West  Seventy-second  Street,  New  York  City. 
A.  M.,  1875.  £.  M.,  1876.  Assistant  in  Mathematics,  School  of  Mines,  1873- 
76.  Professor  of  Mathematics  and  Astronomy,  Washington  University,  St.  Lonis, 
Mo.,  1876-81,  Director  of  the  Observatory,  Columbia  University,  1881.  Instmctor 
in  Geodesy  and  Practical  Astronomy,  Columbia  University,  1881-82.  Professor 
of  Astronomy,  1892.  Chairman  Board  of  Editors,  School  of  Mines  Quabtkbly, 
1883-90.  Vice-Presideot  New  York  Mathematical  Society,  1891.  Chairman  of 
section  on  Astronomy  and  Physics  of  New  York  Academy  of  Sciences,  1891-92. 
Secretary  of  American  Metrological  Society,  1882.  Fellow  of  Koyal  AstroDomieal 
Society  of  Tendon,  1892.  Member  of  the  Astronomishe  GesellBchaft,  1893.  Pres- 
ident of  New  York  Academy  of  Sciences,  1894-95.  Chairman  Section  on  As- 
tronomy and  Physics  of  N.  Y.  A.  S.,  1891-94.  Sec.  Y.  Am.  Met.  See.,  1882. 
President  N.  Y.  A.  Sci.,  1894-97. 

Renault,  George,  C.  E., )883. 

122  E.  Nineteenth  Street,  New  York  City. 

Restrepo,  Camilo  Claudio,  E.  M.,  C.  E.,     .        .        .    1887. 

Medellin,  Republic  of  Colombia,  S.  A. 

Rhodes,  Francis  Bell  Forsyth,  E.  M.,        .        .        .    1874. 

National  S.  &  B.  Co.,  South  Chicago,  HI.,  and  Quebec,  Canada. 


74 

May,  1875,  to  December,  1876,  Surveying  Corps,  Coxe  Bros.,  Drifton,  Pa. 
Janaary,  1877,  to  May,  1878,  Assistant  Superintendent,  South  American  Mining 
Co.,  Venezuela.  November,  1878,  to  June,  1879,  Working  at  Lead  Mine,  Canada. 
October,  1879,  to  April,  1880,  Laborer.  Ontario  Mill,  Park  City,  Utah.    Apiil, 

1880,  to  July,  1881,  Assistant  Superintendent,  Minge  Furnace  Co.,  Utah.  August, 

1881,  to  January,'  1882,  Assistant  Superintendent  St.  Helena  Mine,  Sonora, 
Mexico.  January,  1882,  to  April,  1888,  Assistant  Superintendent,  Tombstone, 
M.  and  M.  Co.,  Arizona.  May,  1883,  to  December,  1883,  Superintendent,  Ram- 
sham  Smelting  Furnace,  Idaho.  January,  1884,  to  May,  1885,  Assistant  Superin- 
tendent, Minge  Furnace  Co.,  Utah.  June,  1885.  to  December,  1885,  Foreman  of 
Blasl-Furnace  Department,  Kansas  City  S.  and  R.  Co.  October,  1886,  to  Decem- 
ber, 1889,  Superintendent,  Chicago  Works,  Chicago  and  Aurora  S.  and  R.  Co. 
January,  1890,  to  date,  Superintendent  National  S.  and  R.  Co.,  South  Chicago. 

Rhodes,  Robert  Dunn,  E.  M.,      .        .        .        .        .     1879. 

Arkansas  Valley  Smelting  Works,  Leadville,  Colo.,  and  Box  726, 
Quebec,  Canada. 
1879-80,  Foreman,  Germania  Smelting  Co.,  Salt  Lake  City.  1880-82,  Night 
Foreman,  Ontario  Silver  Mining  Co.,  Park  City,  Utah.  1882-83,  Superintendent, 
Tombstone,  M.  and  M.  Co.  Reduction  Works,  Charleston.  1883-84,  Mill  Fore- 
man, St.  Helena  Gold  and  Silver  Mine,  Sonora.  1884-85,  Assistant  Superin- 
tendent, Billing  Smelter,  New  Mexico.  1885-86,  Assistant  Superintendent, 
Viola  M.  and  S.  Co.,  Idaho.  1887-88,  Assistant  Superintendent,  Anglo-Mexican 
Mining  Co.,  Yedras,  Mexico.  1889-91,  General  Superintendent,  Duquesne  M. 
and  R.  Co.,  and  Sierrita  County,  Arizona.  1891-92,  Engineer,  Frazer  and  Chal- 
mera,  City  of  Mexico.     1892-94,  Supt.  as  above. 

Rice,  George  Samuel,  Jr.,  E.  M.,    ....  1887. 

119  S.  Market  Street,  and  432  N.  Court  Street,  Ottumwa,  Iowa. 
1887,  Assistant  Field  Engineer,  Colorado  &  Utah  Railway.     1888-89,  Assistant 
Mining  Engineer  of  Colorado  Fuel  Co.     1890  to  date.  Mining  Engineer  of  White- 
breast  Fuel  Co. 

Rich,  Jacob  Monroe,  E.  M.,  C.  E.  (Life  Member),         .     1883. 

50  W.  Thirty-eighth  Street,  New  York  City. 
Pursuing  further  studies  since  graduation. 

Richardson,  John  Clarence,  E.  M.,  C.  E.,  .        .        .     1883 

Address  unknown. 

RiCKETTs,  Pierre  de  Peyster,  E.  M.,  Ph.  D.,        .         ,     1871. 

Professor,  Analytical  Chemistry,  Columbia  University  School  of 
Mines,  and  115  E.  Seventy-ninth  Street,  New  York  City. 
1868,  Assistant,  General  Chemistry,  Columbia  University.  1871-72,  Assistant 
In  Mineralogy  and  Metalluigy,  School  of  Mines.  1872-75,  Assistant  in  Assaying, 
School  of  Mines.  1875-86,  Instructor  in  Assaying,  School  of  Mines.  1886  to 
date,  Professor  of  Assaying,  School  of  Mines.  Since  graduation  also  engaged 
in  general  Metallurgical,  Chemical  and  Mining  Engineering  work. 

Ridsdale,  Thomas  Weddle,  E.  M.,      ....     1883. 

Ridsdale  &  Lewis,  39-41  Cortlandt  Street,  New  York  City. 
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Assistant  Superintendent  of  the  Ruby  Durango  Mine,  and  Wilder-Maodonald 
Concentrating  Mill  to  1884.  Superintendent  of  the  Wilder-Maodonald  Mill, 
1884.  From  1888  with  the  Worthington  Pamping  Engine  Co.  From  June,  1889, 
as  Seoretarj  of  the  Company. 

EiEs,  Heinbich,  Ph.  B.,  A.  M.,  Ph.  D.,  ...     1892. 

Assistant  in  Mineralogy,  School  of  Mines,  Columbia  University, 
and  28  W.  128th  Street,  New  York  City. 
Summer  of  1891  and  1892,  on  New  York  Geological  Survey.  October  1892,  to 
August  1, 1893,  Assistant  Director,  New  York  Scientific  Exhibit,  at  World's  Fair. 
July  1,  1893,  to  July  1,  1895,  Fellow  in  Mineralogy,  Columbia  Universily.  Asst. 
Geologist,  N.  Y.  Geol.  Survey,  summer  of  1895.  Lecturer  in  New  York  City 
Public  Schools,  1895-1897.  Judge  of  Clays,  Cotton  States  and  International  Ex- 
position, October,  1896.  Clay  Specialist,  U.  S.  Geological  Survey,  1895  to  date. 
In  connection  with  this  work  am  engaged  in  a  study  of  the  clays  of  the  various 
states. 

RoDENBURG,  Chas.,  C.  E., 1896. 

428  W.  Forty-fourth  Street,  New  York  City. 
Summer  1896,  Asst.  at  Summer  School  of  Geodesy,  Columbia  University. 

EoESER,  Frederick,  B.  S.,  E.  M.,         ....     1884. 

240  West  130th  Street,  New  York  City. 

Rogers,  Oscar  Legare,  Ph.  B.  (Arch.),        .        .        .     1889. 

125  W.  Eighty-fifth  Street,  New  York  City. 
1889-92,  in  Europe.     1893,  Architect.     1894,  in  Europe. 

RoLKER,  Charles  M.,  E.  M.  (Life  Member),  .         .     1875. 

6  Drapers  Court,  London,  E.  C,  England. 
1868-70,  at  Royal  School  of  Mines,  Clausthal,  Germany.  1871-72,  Working 
practically  in  Iron  Mines  of  Hihernia  and  Mt.  Pleasant,  N.  J.,  Wisconsin  Lead 
Mines  and  Iron  Mines  of  Lake  Superior.  1872-75,  at  School  of  Mines,  Columbia 
College.  1876,  Assay er  at  AUouez  Copper- dressing  Works,  Lake  Superior.  1877, 
Mining  Engineer  to  the  Mariposo  Land  and  Mining  Co.,  Mariposo  Co.,  Cal. 
(Gold).  ^878,  Superintendent,  Brooklyn  Company,  Washoe  Co.,  Nevada  (Base 
Metal).  1879,  Superintendent,  Stormont  Silver  Co.,  Silver  Reef  (Silver). 
1880-82,  Geueral  Manager,  Chrysolite  S.  Mfg.  Co.,  Leadville,  Colo.  (Lead  Car- 
bonates). Since  then  to  date,  in  General  Consulting  Practice  as  Mining  Engineer 
and  Metalluigist,  Examining  Mines,  Mills  and  Placers  in  the  United  States,  Old 
Mexico,  Central  America,  South  America  and  East  Indies.  Specialty,  Precious 
and  Base  Metals  other  than  Iron.  1891-92,  Cons.  Engr.  to  the  British  South 
African  Company  in  its  sphere  south  of  Zambesi.  1894,  Practicing,  Consulting 
Mining  Engineer.     189&-96,  Manager  Mining  and  Financial  Trust  Synd.,  London. 

Rosenthal,  Albert,  C.  E., 1892. 

158  East  Seventy -ninth  Street,  New  York  City. 

Rowland,  Charles  Bradley,  C.  E.,     .        .        .        .     1884. 

Continental  Iron  Works,  Greenpoint,  Brooklyn,  N.  Y.,  and  329 
Madison  Avenue,  New  York  Citv. 
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BowLANB,  George,  C.  E., 1887. 

Ck>iitiiiental  Iron  Works,  Greenpoint,  Brooklyn,  N.  Y.,  and  329 
Madison  Avenue,  New  York  City. 

Rrpp,  Philip,  Ph.  B.,  M.  D., 1884. 

334  East  17th  Street,  New  York  City. 
1884-87,  Stadent  of  Medicine,  College  of  Phymdans  and  Snigeons,  N.  Y. 
1887-88,  House  Pbymoian  and  House  Snin^n,  St.  Francis  Hospital,  N.  Y.    1888 
to  date,  Practicing  Physician. 

KUTHERFORD,  F.  M.,  E.  M., 1879. 

46  East  64th  Street,  New  York  City,  N.  Y. 
Engineer  M.  of  W.  R.  and  D.  R.  R.  till  1894.    1895  to  date  2d  Deputy  Snpt. 
Bept.  of  Buildings,  New  York  City. 

EuTTMANN,  Ferdinand,  Jr.,  E.  M.,        ....     1880. 

36  Broadway,  New  York  City. 

Ryon,  Augustus  Header,  E.  M., 1886. 

E.  13  Produce  Exchange,  New  York  City. 
1886-87,  Assistant  Engineer  on  New  London  Water  Works.  Assistant  in 
Metallmgy,  School  of  Mines,  Colnmhia  University.  1687-88,  Assistant  to  F.  N. 
Owen,  Civil  and  Sanitary  Engineer,  New  York  City.  1888-91,  Professor  of  En- 
gineering and  Mining,  School  of  Mines,  Collie  of  Montana,  Deer  Lodge,  Mont. 
1892  to  1895,  President  and  Professor  of  Engineering,  Montana  College  of  Agri- 
cultural  and  Mechanical  Arts,  Bozeman,  Montana.  1894,  Irrigation  Engineering 
for  Agricnltnral  Experiment  Station.  1895,  Prof,  of  Engineering,  CoU^^  of  Agr. 
and  Meoh.  Arts,  Bozeman,  Montana. 

s. 

Sage,  Edward  Eugene,  C.  E.  (Life  Member),        .        .     1877. 

United  States  Assay  Office,  30  Wall  Street,  New  York  City,  and 
77  Hillside  Avenue,  Orange,  N.  J. 
I  have  heen  connected  with  this  office  since  Fehmaiy,  1879,  and  have  conse- 
quently no  outside  experience  except  in  electricity,  heing  President  of  the  Essex 
Coun^  Electric  Co.,  of  Orange,  N.  J.,  and  in  Analytical  Chemistiy. 

Sands,  Ferdinand,  A.  B.,  Ph.  B., 1882. 

Drugs  and  Assaying  Supplies,  Box  1172,  Butte,  Mont. 
SCHERHERHORN,  FREDERICK  AUGUSTUS,  E.  M.  (Life 

Member), 1868. 

41  Liberty  Street,  and  61  University  Place,  New  York  City. 

ScHiEPFELiN,  WnxiAM  Jay,  Ph.  B.,  Ph.  D.  (Munich).   .     1887. 
Schieffelin  &  Co.,  170  William  Street,  and  35  West  Fifty-seventh 
Street,  New  York  City. 

Schneider,  Albert  Francis,  E.  M.,  C.  E.  (Life 

Member),         ........     1876. 

Perth  Amboy,  N.  J. 
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1876-77,  In  Europe  visiting  Smelting  and  Dressing  Works.  1878,  Chemist 
and  Asaayer  Germania  S.  and  R.  Co.,  Salt  Lake  City,  Utah.  1879,  Foreman, 
Assistant  and  Superintendent  Germania  S.  and  R.  Co.,  Salt  Lake  City.  1880-^83, 
Superintendent  Germania  S.  and  R.  Co.,  Salt  Lake  City,  Utah.  1883-'83,  Super- 
intendent G.  Billing  Smelting  Works,  Sooorro,  N.  M.  1885-87,  Superintendent 
Kansas  City  S.  and  R.  Co.,  Argentine,  Kansas.  1887,  Connected  with  the  Rio 
Grande  S.  Co.,  Socorro,  N.  M.  1887  to  1893,  General  Manager  St.  Louis  S.  and 
R.  Co.,  St.  Louis,  Mo.  Superintendent  Great  National  Smelting  Co.,  Monterey, 
Mexico,  1895. 

ScHBOEDER,  J.  Langdon,  C.  E., 1889. 

Member  of  the  firm  of  Parrish  &  Schroeder,  Architects,  1  Madison 
Avenue,  and  50  West  11th  Street,  New  York  City. 
July,  1890,  to  January,  1894,  with  Ren  wick,  Aspen  wall  &  Ren  wick.  New  York 
City,  Architectural  Draughtsman. 

ScHBOTER,  George  Austin,  E.  M.,        .        .        .        .    1893. 

Box  877,  Denver,  C6lo. 
Superintendent  Keystone  and  Manager  Logan  Group  Mines,  Colorado.    Chem- 
ist Denver  White  Lead  Works,  Fehruary-August,  1894.    Supt.  of  Rico  Smelting 
and  Ref.  Co.,  Rico,  Colorado,  June,  '93,  to  Deoemher,  '95. 

Schumann,  Charles  Henry,  C.  E.,        .        .        .        .     1888. 

Small  &  Schumann,  265  Broadway,  and  21  East  99th  Street,  New 
York  City. 
1888,  May,  1890,  Assistant  Engineer  Chesapeake  and  Ohio  Railway  Co.,  Cin- 
cinnati, charge  of  Real  Estate,  Right  of  Way  and  Track  and  Construction  work. 
May  to  August,  1890,  Assistant  Engineer  to  H.  Alber,  C.  £.,  Birmingham,  Ala., 
General  Engineering.  August,  1890,  to  March,  1891,  Assistant  Engineer  Chesa- 
peake and  Ohio  Railway  Co.,  charge  of  suhdi vision  of  Town  of  West  Clifton 
Foige,  Va.,  and  Right  of  Way  on  line  of  road.  1892-93,  Assistant  Engineer 
Long  Island  R.  R.,  and  Engineer  for  Ferris  &  Richards,  Contractors  for  Railroads 
and  Waterworks,  at  98  Hudson  street,  Jersey  City,  N.  J.  1893-94,  with  James 
R  Croes,  C.  E.,  Waterworks  Supply  an<f  Sewerage,  1894.  Private  practice  as 
Small  &  Schumann,  Architects  and  Civil  Engineers. 

Searle,  Charles  D.,  C.  E., 1896. 

32  West  126th  Street,  New  York  City. 

Seligman,  Joseph  Guy,  E.  M., 1887. 

Mining  Superintendent,  and  506  W.  143d  Street,  New  York  City. 

Seldner,  Rudolph,  Ph.  B.,  .        .        .        .        .     1894. 

Adelphi  College  and  217  Jefferson  Avenue,  Brooklyn,  N.  Y. 
Instructor  in  Science  Adelphi  Academy,  1894  to  date. 

Self,  E.  D.,  E.  M., 1894. 

Box  550,  Johannesburg,  South  Africa  and  South  Orange,  N.  J. 
Received  degree  of  Mechanical  Engineer  at  the  Stevens  Institute  of  Technology 
in  1886.    Engaged  in  engineering  and  construction  work.    Designing  and  pur- 
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chasing  machinery  for  lai^ge  mills  in  Austcalia  and  Mexico.  Report  on  transmis- 
sion of  power  project  for  mining  plant  in  Mexico.  Examination  of  mines  in 
South  America.  Superintendent  of  mine  in  Guyana,  South  America.  Beoeived 
degree  of  Engineer  of  Mines  from  Columbia  College  in  1894.  Instructor  in  Min- 
ing at  Lake  Superior  for  dass  in  practical  mining.  Supt.  and  Manager  of  the 
Sonora  Copper  Co.,  Sonora,  Mexico.  Beoeived  patent  for  flystem  of  ore  concen- 
tration. Consulting  Mechanical  and  Mining  Engineer  on  deep  level  work,  to  an 
English  Investment  Co.,  and  to  several  mining  companies. 

Seward,  John,  E.  M., 1895. 

97  Cedar  St.,  New  York  City,  and  416  Main  Street,  Orange,  N.  J. 

Share,  William  Waldemar,  Ph.  B.,  Ph.  D.,        .        .     1881. 

Adelphi  College,  and  331  McDonough  Street,  Brooklyn,  N.  Y. 
1881,  Superintendent  Columbia  Chemical  Works,  Brooklyn,  N.  Y.    1881-^, 
Assistant  Physics,  Columbia  College.     1888,  Consulting  Electrician,  Department 
of  Public  Parks,  Brooklyn,  N.  Y.     1889  to  date,  Professor  of  Chemistry,  Adelphi 
Academy,  Brooklyn,  N.  Y. 

Shattuck,  L.  R.,  B.  S.,  C.  E 1895. 

138  Eighth  Avenue,  Brooklyn,  N.  Y. 
1895,  Draughting  and  Field  work  with  the  Ramapo  Water  Co.    1896,  Engineer 
Inspector  in  the  Dept.  of  Public  Works,  of  New  York  City. 

Sherman,  Frank  Dempster,  Ph.  B.,   .    .    .    .  1884. 

Adjunct   Professor  of  Architecture,  School   of  Mines,   Columbia 
University,  New  York  City,  312  South  Broadway,  Yonkers,  N.  Y. 

Shriver,  Henry  Tower,  Ph.  B., 1888- 

T.  Shriver  &  Co.,  333  E.  Fifty-sixth  Street,  and  686  Park  Avenue,. 
New  York  City. 
In  Iron  Foundry  and  Works,  as  above,  since  graduation. 

SiMONDS,  Francis  Mat,  E.  M..  Ph.  D.,  .         .    '    .     1887^ 

147  E.  Thirty-fourth  Street,  New  York  City.    . 

Singer,  George,  Jr.,  E.  M., 1880. 

Ill  Fourth  Avenue,  Pittsburg,  Pa. 

Singer,  George  Harton,  E.  M., 1880. 

Singer,  Nimick  &  Co.,  and  17  Park  Street,  Allegheny,  Pa. 

Skinner,  Elmer,  C.  E., 1891. 

227  Cumberland  Street,  Brooklyn,  N.  Y. 

Slack,  Charles  Goddar,  E.  M., 1884. 

328  Fourth  Street,  Marietta,  Ohio. 

Slade,  Richmond  Edward,  Ph.  B.,       .         .         .         .     1887. 

White  Plains,  N.  Y. 
1887,  Assistant  Superintendent  United  Gas  Improvement  Co.,  Yonkers,  N.  Y., 
Plants.     1888,  Superintendent  Gas  Department,  Ashville  ( N.  C.  )   Light  and 
Power  Co.     1888,  Superintendent  Gas  and   Electric  Plants,  Citizens'   Gas  Light 
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Ck>.,  JaoksoQ,  TenD.  December,  1689,  to  date,  Secretary,  Saperintendent  and 
Trustee  Cltizena*  Gas  and  Electric  Co.,  White  Plains,  N.  Y.  1896,  Secretary  and 
Saperintendent  and  Trostee  Citizens'  Gas  and  Electric  Co.,  Secretary  and  Direc- 
tor N.  Y.  Elmsford  and  White  Plains  Ry.  Co.,  and  Manager  Consolidated  Gas 
and  Electric  Light  Co.,  of  Westchester  County,  Port  Chester,  N.  Y. 

Smith,  Augustus,  A.  B.,  C.  E., 1889. 

39  Cortland  St. ,  and  460  W.  Forty-fourth  St. ,  New  York  City. 
Sammer  of  1886,  Land  Surveying  ( in  charge  of  Party ).  July  to  Novemher, 
1889.  Dianghtsman,  Link  Belt  Engineering  Co.,  Nicetown,  Phila.  November, 
1889-91,  Chief  Draughtsman,  New  York  Office  Link  Belt  Engineering  Co.  1891- 
92,  out  of  professional  work.  1882,  Salesman  and  Engineer  as  above.  1893  to 
date,  private  practice  as  Engineer  and  Contractor. 

Smith,  Frank  Marshall,  E.  M., 1889. 

Supt.  United  Smelting  and  Refining  Co.,  Smelter,  Cascade  Co., 
Mont. 
1889-90,  on  the  United  States  Geological  Survey,  engaged  in  hydrographie 
work  on  the  Irrigation  Survey  and  triangulation  of  the  Topographic  Survey,  in 
Idaho  and  Oregon.  1891,  Assay er  Colorado  Smelting  Co.,  Pueblo,  Colo.  October, 
1892-93,  Assistant  Superintendent.  1893  to  date,  Supt.  United  Smelting  and 
Refining  Co.,  Smelter,  Mont. 

Smith,  Francis  Pitt,  Ph.  B 1888. 

77  Woodlawn  Avenue,  New  Rochelle,  N.  Y. 
Analytical  Chemist  in  Leather  trade,  1888-89.  Superintendent  Chemical 
Works,  Wm.  H.  Swift  &  Co.,  East  Boston,  Mass.,  1889-90.  Consulting  Chemist, 
Deniog  &  Logan,  58  William  Street,  1890.  Assistant  Chemist  New  York  City 
Health  Department,  42  Bleecker  Street,  1890-92.  Specialty,  Chemical  Mechanios. 
1892-93,  Inspection  Brooklyn  Navy  Yard.  1896  with  Harrison  Bros.  &  Co., 
Phila.,  Pa. 

Smith,  Lenox,  A.  B.,  A.  M.,  E.  M.  (Life  Member),         .     1868. 
120  Broadway,  New  York  City. 

Smith,  Wilson  Fitch,  C.  E., 1894. 

36  West  36th  Street,  New  Y'ork  City. 
June  to  Oct.,  1894,  Assistant  Instructor  Summer  School  of  Surveying,  School 
of  Mines,  Columbia  University.      Oct.,  1894-96,  Engineering  Department^  New 
York  Central  &  Hudson  River  R.  R.,  as  Rodman  and  Assistant  Engineer  at  pres- 
ent with  R.  W.  Hildreth  &Co.,  Civil  Engineers. 

Smith,  William  Allen,  E.  M., 1868. 

52  Wall  Street,  and  102  East  Fifty-seventh  Street,  New  York  City. 

Smyth,  Charles  Henry,  Jr.,  Ph.  B.,  Ph.  D.,    .    .  1888. 

Professor  of  Geology,  Hamilton  College,  Clinton,  New  York. 

1888-89,  Chemist  Franklin  Iron  Mfg.  Co.     1889-90,  Geological  Field  Work  in 

New  York,  Aiahama,  Georgia,  and  Tennessee.    June,   1890,   received  Degree  of 

Doctor  of  Philosophy  from  Columbia  University.     1889-91,   studied  Petrogaphy 

and  Mineralogy  with  Prof.  Rosenbusch  at  the  University  of  Heidelberg.     1891, 
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appointed  Professor  of  Geology  io  Hamilton  Ck>llege.  Engaged  in  the  study  of 
the  Western  Adirondack  region,  and  the  investigations  of  problems  in  oentral 
New  York.  Chiefly  in  Petrographio,  Chemical  and  Glacial  Geology.  Asst.  on 
N.  Y.  Geol.  Surrey,  1893-05.  Professor  of  Geology  and  Mineral<^gy.  Interested 
chiefly  in  Petrographio  and  Chemical  Geology,  and  in  Mineralogy. 

Snook,  Thomas  Edwabd,  E.  M., 1884. 

Architect,  261  Broadway,  New  York  City. 
1884-87,  Supt.  Cons,  for  John  B.  Snook,  Architect.    1887  to  date,   Member  of 
the  firm  of  and  Chief  Engineer  for  John  B.  Snook  &  Son,  Architects. 

SouTHABD,  Geobge  Cabroll,  C.  £.,      .        .        .        .     1892. 

Q6  Beaver  Street,   New  York    City,  and  111  Montague  Street, 

Brooklyn,  N.  Y. 

June,  1892,  to  March,  1893,.  Equity  Gas- Works  Construction  Co.,  Brooklyn, 

£.  D.    March,  1893,  to  January,  1894,  with  Heine  Safety  Boiler  Co.    January, 

1894-95,  with  Hecker- Jones- Jewell  Milling  Co.     From  Aug.,  1895,  to  date,  with 

Southern  Pine  Co..  of  Ga. 

Spooner,  Allet  Nawhall,  C.  E.,  ....     1886. 

Department  of  Docks,  Pier  A,  North  River,  New  York  City,  and 
186  Carteret  Avenue,  Jersey  City,  N.  J. 

July,  1886,  to  August,  1887,  Rodman  and  Draughtsman,  Penn.  R.  R.,  Jersey 
City.  August,  1887,  to  May,  1890,  Hydrographer  Department  Docks,  New  York 
City.  May,  1890-91,  to  present  time,  Assistant  Engineer  Department  Docks, 
New  York  pity.  Specialty,  Railroad  Engineering,  River,  Submarine  and  Harbor 
Engineering. 

Stanton,  Frank  McMillan,  E.  M.,       ....     1887. 

Superintendent  Atlantic  Mine,  Houghton  Co. ,  Mich. 
1887-88,  SuperintoDdent  j»ro  tem.  Central  Mine,  Mich.     1888-89,  Engineer  At- 
lantic Mine,  Mich.    1889  to  date.  Superintendent  Atlantic  Mine,  Mich. 

Starek,  Emil,  LL.  B.,  LL.  M.,  E.  M 1895. 

Keller  &  Starek,  Patents,  703  Commercial  Building,  and  4204  A, 
Cook  Avenue,  St.  Louis,  Mo. 
1885-87,  Assistant  in  United  States  Geological  Survey.     1887-92,  Assistant  Ex- 
aminer United  States  Patent  Office,  Washington,  D.  C. 

Starr,  Chandler  Dannat,  C.  E,,  .        .         .        .     1881. 

Andress  unknown. 

Staunton,  William  Field,  E.  M.,        ....    1882. 

Superintendent  of  the  Congress  Gold  Co.,  Congress,  Ariz. 
1882,  Assayer  and  Assistant  Superintendent  Vermont  Copper  Co.,  Ely,  Yt. 
1882,  Assayer  and  Accountant  Dunn  Mt.  Gold  Mine,  Salisbury,  N.  C.  1883,  As- 
sayer Ledouz  &  Ricketts,  N.  Y.  1883,  Constructing  Engineer,  C.  M.  and  R.  Co., 
N.  Y.  1883,  Assistant  to  Manager  of  Mills  and  Smelting  of  T.  M.  and  M.  Co., 
Tombstone,  Arizona.  1884,  Consulting  Engineer,  N.  Y.  1884,  Mining  Engineer 
forT.  M.  &  M.  Co.,  Tombstone,  Arizona.     1890  to  date.  Superintendent  Tomb- 
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.«toDe  Mill  and  Mining  Co.,  Tombstone,  Ariz.,  and  1894,  Superintendent  CongreBs 
Gold  Co.,  Congrefls,  Ariz.    Specialty,  Gold  and  Silver  Mining  and  Metallaigy. 

Steabns,  Thomas  Beale,  E.  M.,    .        .        .        .        .    1881. 

1720  California  Street,  Denver,  Colo. 

Stewabt,  John  Henry,  C.  E., 1896. 

Dept.  of  Public  Works,  150  Nassau  Street,  and  123  West  Eleventh 
Street,  New  York  City. 

:Stonb,  Geobge  Camebon,  Ph.  B.,  Ph.  D.,     .        .        .     1879. 

New  Jersey  Zinc  and  Iron  Company,  Newark,  N.  J. 
1879,  Chemist,  Booth  &  Edgar  Sugar  Refinery.     1879-82,  Chemist  with  Potter 
•&  Riggs,  St.  Louis,  Mo.    1882-91,  with  New  Jersey  Zino  and  Iron  Company, 
Newark,  N.  J.,  first  as  Chemist;  sinoe  1884,  as  Superintendent  Blast-Fumaoes. 
May,  1894,  to  date.  Superintendent  of  company. 

iSTRUTHEBB,  JoSEPH,  Ph.  B.,  Ph.  D.,         .  .  .  .      1885. 

Tutor  in  Metallurgy,  Columbia  College  School  of  Mines,  and  624 
Ekwt  One  Hundred  and  Thirty-sixth  Street,  New  York  City. 
1885-88,  Fellow  in  Mineralogy.  1888-90,  Assistant  in  Mineralogy  and  Metal- 
ilurgy.  1891  to  date,  Tutor  in  Metallurgy  Columbia  University,  School  of  Mines. 
1893-94,  Delivered  the  lectures  in  Metallurgy  at  the  School  of  Mines,  in  place  of 
Dr.  ^leston,  who  was  absent  on  account  of  sickness.  Summer  of  1894  spent  in 
Europe  in  the  study  of  metallurgical  works  and  processes.  1894-95,  Special  work 
upon  pyrometers  and  calorimeters.  Spring,  1896,  Delivered  the  lectures  in 
Metallurgy  at  the  School  of  Mines,  in  place  of  Dr.  Egleston.  Summer  of  189G,  in 
charge  of  the  Summer  School  in  Practical  Metallurgy  at  Butte,  Mont.,  and  de- 
voted three  months  to  a  metallurgical  trip  throughout  the  western  United  States 
and  British  Columbia,  visiting  more  than  forty  establishments.  Jan.  1,  1897,  in 
charge  of  the  lectures  in  Metallurgy  at  the  School  of  Mines,  in  the  absence  of  Dr. 
Egleston,  resigned.  Specialty,  the  measurements  of  high  temperatures  and  the 
physical  properties  of  slags. 

iSxuABT,  William  Henby,  C.  E., 1886. 

Address  unknown. 
1886,  on  Bailway  Surveys  in  Minnesota  and  Wisconsin  with  C.  B.  &  N.  B.  B. 
'Co.     1887-89,  Fellow  in  Engineering  and  Assistant  in  Summer  School  of  Survey- 
ing, School  of  Mines,  Columbia  University.     1889-90,  making  surveys  and  super- 
intending construction  at  the  Hudson  Biver  State  Hospital,  Pougbkeepsie,  N.  J. 
1890,  on  surveys  in  the  West  Indies.    1893,  in  general  practice. 

:SuTEB,  Geobge  Augustus,  E.  M.,  ....     1883, 

G.  A.  Suter  &  Co.,  Engineers  and  Contractors,  112-114  Wooster 
Street,  New  York  City,  and  78  Locust  Ave.,  New  Rochelle, 
N.  Y. 
1884-92,  Engineer,  Baker,  Smith  &  Co.     1892-97,  with  G.  A.  Suter  &  Co. 

:  Swain,  Alfbed  Ebnest,  E.  M., 1881. 

Supt.     Trinidad    Mining    Co.,   Copala   (via    Mazatlan,   Sinaloa, 
Mexico),  and  902  Prospect  Street,  Cleveland,  O. 
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1881-84,  railroad  work  in  Merico.  1885-88,  City  Engineer's  Department^ 
Kansas  City,  Mo  ,  in  chaiige  of  aewer  work.  1889-91,  mining  work  in  Mexico. 
1891,  Snpt,  San  Baenaventnra  Mining  Company,  Santa  Lncia,  Sinaloa,  Mexico^ 
via  Mazatlan  and  Pana,     1891-93,  Sapt.  Trinidad  Mining  Co. 

T. 

Taintor,  William  Notes,  Ph.  B.,        .        .        .        .     1894. 

Care  Division  Engineer  N.  Y.  State  Canals,  Syracuse,  and  60 
West  Forty-eighth  Street,  New  York  City. 
August,  1894,  to  September,  1894,  Levelman,  Metropolitan  Traction  Co.    Sep- 
tember, 1894,  to  date,  Transitman,  Ramapo  Water  Co. 

Taylok,  Joseph  B.,  E.  M., 1888. 

66  and  68  Pine  Street,  New  York  City,  and  404  Seneca  Street, 

Brooklyn,  N.  Y. 

Jnne-Sept.,  1894,  Rodman,  Lexington  Ave.  Cable  Road.    Sept.,  1894,  to  Feb., 

1895,  Topographic  Surveys,  Ramapo  Water  Company.     Feb.-May,  1895.  City 

Surveying,  New  York.   July-Oct.,  1895,  Assistant,  Summer  School  iu Surveying, 

Columbia  University.     March,  1896,  to  date,  Leveler,  N.  Y.  Stale  Canals. 

Temple,  Seth  Justice,  Ph.  B., 1892. 

Address  unknown. 
Instructor  in  Architectural  Drawing  Art  Schools  of  the  Metropolitan  Museum 
of  Art,  Fifth  Ave.  and  Thirty-Second  Street,  New  York  City. 

Terhune,  Richard  Henry,  E.  M.,         .         .         .         .     1870. 

64  Sixth  South  Street,  Salt  Lake  City,  Utah. 
1870,  Assistant  to  late  J.  W.  Foster,  geology  of  coal  fields,  Indiana.  1871, 
Griswold  Steel  Works,  draughting,  blowing  steel,  etc.  1872-77,  Joliet  Steel 
Company,  draughting,  inspecting  steel  rails  and  exploration  of  Callaway  County, 
Missouri,  for  coal  and  iron.  1877-80,  Superintendent  and  Assistant  Superin- 
tendent Smelting  Works  in  Utah.  1880-93,  General  Superintendent  Hanauer 
Smelting  Works,  Utah.  Specialty,  construction  and  operation  of  lead  smelting 
works.  Resigned  above  position  September,  1893.  1894,  Examining  and  Report- 
ing on  Mines  and  Works.  October,  1896,  reelected  to  the  position  of  Chief  Engi- 
neer and  General  Superintendent  of  the  Hanauer  Smelting  Works,  Utah. 

Thacher,  Arthur,  C.  E.,  E.  M., 1877. 

President  and  General  Manager  Central  Lead  Company,  410^ 
Washington  Avenue,  St.  Louis,  Mo. 
1878-79,  with  Progreso  Mining  Company,  Trimfo,  Lower  California,  Mexico. 
1879-83,  Southern  Arizona  and  Northern  Mexico  Mining  and  Milling.  1883-87, 
office  in  New  York.  Examining  and  reporting  on  mines  and  mills.  1887  to  date, 
with  Professor  W.  B.  Potter,  at  St.  Louis  Sampling  and  Testing  Works  and 
Washington  University.  Lecturing  on  Metallurgy.  Testing  ores,  etc.  Examin> 
ing  and  reporting  on  mines  and  mills.    Superintendent  Central  Lead  Co. 

Thomas,  Frederick  Mayhew,  E.  M.,    ....     1885. 

1331  Vine  Street,  Denver,  Colo. 
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Leveller  (Instrament  man,  etc.)f  on  New  York  State  Canals,  from  September^ 
1887,  to  November,  1889  (position  resigned).  Transitman  and  leveller  on  pre- 
liminary railroad  survey  in  Schoharie  County  in  spring  of  1890.  Transitman  and 
leveller  on  Syracuse  Water  Works  during  the  winter  of  1890-91. 

Thompson,  Henry  Clark,  C.  E.,         ....     1886. 

Lorillard  Place,  and  One  Hundred  and  Eighty-Seventh  and  One 
Hundred  and  Eighty-eighth  Streets,  New  York  City. 

TiBBALS,  George  Atwater,  C.  E.,        .        .        .        .     1883. 

Continental  Iron  Works,  and  148  Milton  Street,  Brooklyn,  N.  Y. 

1883  to  date,  as  above. 

TiBBALS,  Samuel  Gaylord,  C.  E.,        .        .        .        .     1884. 

Continental  Iron  Works,  and  148  Milton  Street,  Brooklyn,  N.  Y. 

1884  to  date,  as  above. 

TiLDEN,  George  Cyrus,  C.  E., 1876. 

Address  unknown. 
1876-80,  City  Surveyor,  Brooklyn,  N.  Y.  1880-81,  Superintendent  Dunder- 
berg  Mining  Company,  Georgetown,  Colo.  1881-82,  Chemist  and  Assayer,  Den- 
ver, Colo.  1882  to  date,  Professor  Analytical  Chemistry  State  School  of  Mines, 
Golden,  Colo.  1881  to  date.  Consulting  Practice  as  Mining  Engineer.  Specialty 
Analytical  Chemistry  and  Assaying. 

Titus,  Warren  Harriott,  E.  M.,  ....     1886. 

Sanitary  Engineer,  Lincoln  Building,  1  Union  Square,  New  York 
City,  N.  Y.,  220  Fourth  Avenue  and  80  E.  Washington  Square, 
New  York  City,  and  Whitestone,  N.  Y. 
1885-86,  Post  Graduate  Course  in  Civil  Engineering  School  of  Mines  and  travel- 
ing  in  Europe.  From  1886-92  in  the  Board  of  Health  employed  as  follows: 
From  Oct.,  1886-87,  Assistant  Sanitary  Engineer  and  Inspector  of  Plumbing. 
From  1887-88,  Assistant  Sanitary  Engineer  and  Special  Inspector  of  Plumbing, 
Drainage,  Light  and  Ventilation.  From  1888,  to  Nov.,  1890,  Assistant  Sanitary 
Engineer  and  Special  Inspector  and  Examiner  of  Plans  for  Plumbing,  Drainage, 
Light  and  Ventilation.  From  Nov.,  1890,  to  June,  1892,  Assistant  Chief  In- 
spector of  the  Division  of  Plumbing,  Drainage,  Light  and  Ventilation.  From 
Deo.,  1891,  to  June,  1892,  Acting  Chief  Inspector  in  chaise  of  Division  of  Plumb- 
ing, Drainage,  Light  and  Ventilation.  From  June,  1892,  to  Oct.,  1895,  Ex- 
aminer of  Plans  for  Plumbing,  Drainage,  Light  and  Ventilation  in  the  Depart- 
ment of  Buildings  of  New  York  City.  1895,  Practicing  as  Sanitary  Engineer, 
New  York  City. 

Tompkins,  E.  De  V.,  C.  E., 1896. 

Union  Bridge  Company,  Athens,  Pa.,  and  632  West  End  Avenue, 
New  York  City,  N.  Y. 
Assistant  Instructor  Summer  School  of  Surveying,  Summer  of  1895.    One  week 
after  graduation  to  present  time,  with  Union  Bridge  Co.,  Athens,  Pa. 

ToNNELE,  Theodore,  Ph.  B., 1880. 

Care  of  Wm.  Dewees  Wood  Co.,  McKeesport,  Allegheny  Co.,  Pa. 
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In  ebMge  of  Refining  and  Stod  Departments  of  the  William  Dewees  Wood 


Tower,  Albebt  Edward,  E.  M^ 1883. 

Pougfakeepsie  Iron  Company,  Pooghkeepsie,  N.  Y. 

Tower,  Frederic  Wetherwax,  E.  M.,  .     188T. 

AsBisUnt  Examiner,  Boom  223  Pfttent  Office,  and  1400  L  Street, 
N.  W.,  Washington,  D.  C. 
laBB  to  dale,  as  above. 

TowKSEND,  S.  G.  F.,  E.  E., 1896. 

Ward  Leonard  Electric  Ck>mpany,  Hoboken,  N.  J.,  and  131  5th 
Avenue,  New  York  City. 

Traphagen,  Frank  Weiss,  Ph.  B.,  Ph.  D.,    .  1882. 

Chemist  in  charge  of  Chemical  Laboratory,  Montana  College  of 
Agriculture,  Bozeman,  Mont. 
1883-^  Chemist  for  Williams,  dark  &  Co.,  Feitilizeis.  1884-^,  Instnictor 
in  Chemistty  and  Physios,  Staanton  MUitaiy  Academy,  Staonton,  Ya.  1887, 
Professor  of  General,  Analytical  and  Applied  Chemistry  and  Assaying  in  the  Col- 
l^ge  of  Montana  and  Montana  School  of  Mines.  1884-87,  Analytical  and  Con- 
sulting Chemist,  Staanton,  Va.  1887,  Principal  work,  fertilizer,  iron  and  steel, 
days.  eto.  Analytical  and  consalting  Chemist  and  Assayer,  Deer  Lodge,  Mont. 
Assaying,  misoellaneoas  analysis  and  l^gal  work.  1890,  Assayer  for  the  Cham- 
pion Consolidated  Mining  Company,  Deer  Lodge,  Mont.  1892-93,  in  charge 
Montana  Mining  Exhibit  at  Columbian  Exhibition.  1893,  Professor  Chemistry, 
Montana  College  of  Agricnltore  and  Meofa.  Arts.  1895,  Chemist  Montana  Agri- 
cnltaral  Experiment  Station. 

Trask,  George  Francis  Donnell,  E.  M 1887. 

Member  of  firm  of  Trask,  Burns  &  Co.,  Electric  Railway  Con- 
tractors, 99  Cedar  Street,  New  York  City. 
1888-90,  Apprentice  and  Machinist,  L  &  N.  Railroad.    1890-91,  Dranghtsman, 
L.  &  N.  RaUroad,  Lonisville.   In  1895-96,  doing  bosiness  as  George  F.  D.  Trssk, 
Electric  Railway  Contractor;  in  1896,  as  member  of  Trask,  Boms  &  Co.,  Electric 
Railway  Contractors. 

TusKA,  Gustave  Robitscher,  B.  S.,  M.  S.,  C.  E.,         .    1891. 

29  Broadway  and  55  East  Sixty-fifth  Street,  New  York  City. 
1891-92,  Civil  and  Mechanical  Engineer  link-Belt  Engineering  Co.,  Philadel- 
phia. 1892-93,  Bridge  Engineer,  Long  Island  Railroad.  Assistant  Engineer  C. 
N.  T.  and  W.  R.  R.,  in  charge  of  Stony  Brook  viadnct,  1893.  Consalting  En- 
gineer Port-au-Prince  Ry.,  Cuba,  1893  to  date.  Resident  Engineer,  Knoxrille, 
Cumberland  Gap  and  Louisville  R.  R.  Co.,  in  chaige  of  Construction  of  Louisville 
Yiaduct,  1893.  Assistant  to  Professor  of  Civil  Engineering,  Columbia  College, 
1893.  Tutor  in  Civil  Engineering,  School  of  Mines,  1894-95.  1896,  Chief 
Engineer  Panama  Railroad  Co.,  and  in  general  practice  as  Consulting  Engineer. 

TuTTLE,  Edgar  Granger,  E.  M., 1881. 

227  Pearl  Street,  New  York  City. 
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1881,  Aasistant  Engineer,  Tilly  Foster  Iron  Mine,  BrewBter,  N.  Y.  1881-82, 
Division  Engineer,  Wheeling  &  Lake  Erie  R.  R.,  Toledo,  O.  1882-83,  Assayer 
and  Mining  Engineer,  Silver  City,  New  Mezioo.  1883-85,  Division  and  0£Bioe 
Engineer,  Arizona  &  New  Mexico  Railroad,  Lordsborg,  Arizona.  1885,  Con- 
stmcting  Engineer  at  Mines,  Arizona  Copper  Co.,  Clifton,  Arizona.  1885-89, 
Mining  Engineer,  Cambria  Iron  Co.,  Johnstown,  Pa.  1889-94,  Superintendent 
Alamo  Coal  Co.,  and  Coahnila  Coal  Co.,  San  Felipe,  Coabuila,  Mezioo.  Box  109, 
Eagle  Pass,  Texas.  1894,  Examinations  in  Deep  River  Coal  Field  for  Egypt  Coal 
Co.,  North  Carolina.  1894,  Examination  in  Pooohontas  Field,  West  Virginia, 
1895,  Writing  '*  Surface  Arrangements  of  Bituminous  Mines,''  for  Correspondence 
School  of  Mines,  Soranton,  Penna.  1895,  Expert  Examinations  of  Property  and 
Operations  of  Columbus  &  Hocking  Coal  and  Iron  Co.,  Columbus, *Ohio,^ for  Bond- 
holders' Committee. 

Tyler,  Walter  Lincoln,  C.  E., 1887. 

116-120  Front  Street,  and  1814  Pacific  Street,  Brooklyn,  N.  Y. 

1887,  Levelman  and  Transitman  on  the  Roanoke  &  Southern  Railroad,  Ya. 
1888,  with  J.  A.  Lathan,  C.  E.,  Providence,  R.  I.  1888-89,  with  F.  N.  Owen, 
E.  M.,  Sanitary  Engineer,  New  York  City.  1889  to  the  present  time,  with  the 
A.  B.  See  Manufacturing  Co.,  116-120  Front  Street,  Brooklyn. 

V. 
Vail,  Lewis  H.,  E.  E., 1894. 

Locust  Valley,  Long  Island,  N.  Y. 

Value,  Beverly  Reid,  E.  M., 1884. 

Address  unknown. 

Vanderbilt,  William  D.,  C.  E., 1894. 

39  Monroe  Place,  Brooklyn,  N.  Y. 
Leveller,  Department  of  City  Works,  Brooklyn,  N.  Y. 

Vandjerfoel,  Frank,  E.  M., 1876. 

Chemist,  The  Celluloid  Co.,  295  Ferry  Street,  and  191  Boseville 
Avenue,  Newark,  N,  J. 
1875-78,  Salesman,  with  E.  B.  Benjamin.     1878  to  date,  as  ahove. 

Van  Arsdale,  William  Henry,  A.  B.,  A.  M.,  E.  M.,    .     1868. 

Vice-President  Chicago  and  Aurora  Smelting  and  Refining  Co., 
Chicago,  111. 

Van  Blarcom,  Elbert  Champlin,  C.  E,,       .        .        .     1876. 

Care  H.  de  San  Francisco  Pachoca,  Hidalgo,  Mexico. 

Van  Cortlandt,  Edward  Newenham,  E.  M.,       .        .     1885. 

508  Cooper  Building,  Denver,  Colo.,  and  Tuxedo  Park,  N.  Y. 

Van  Dyck,  Edwin,  Ph.  B., 1888. 

1080  Dean  Street,  Brooklyn,  N.  Y. 
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Van  Sinderen,  Alvan  Howard,  Ph.  B.,       .        .        .     1881. 

Attorney  and  Counselor  at- Law,  15  Broad  Street  and  14  West 
16th  Street,  New  York  City. 

Van  Volkenburgh,  Edward,  Jr.,  C.  E.,       .        .        .     1888. 

Morgan  &  Bartlet,  41  Wall  Street,  New  York  City. 

Van  Wagenen,  Theodore  Francis,  E.  M.,  .        .        .     1870. 

Box  589,  Telluride,  Colo.,  and  809  16th  Avenue,  Denver,  Colo. 
1693,  President  and  General  Manager  of  the  Doming  Ore  Co.,  Deming,  Grant 
Co.,  New  Mexico.    1894,   Consnlting  Mining  Engineer,  Denver,  Colo.     1896, 
Mage  Flora-CKmaz  Gold  Mines,  Tellnride,  Colo.  1897,  Cons.  Eng.  Southwestern 
Copper  Mining  Co.  (Ltd. ). 

VoLCKENiNG,  GusTAV  JuLius,  Met.  Eng.,  E.  M.,     .         .     1888. 
Department  of  Health  and  65  Van  Buren  Street,  Brooklyn,  N.  Y. 

VoNDY,  Rudolph  Harrison,  E.  M.,      ....     1882. 

305  Montgomery  Street,  Jersey  City,  N.  J, 
1882-83,  Assistant  Engineer,  Tilly  Foster  Iron  Mine.  1885-92,  Chemist  Phoenix 
Iron  Works,  Phoenizville,  Pa.     1892,  Snpt.  Plenty  Hort'l  and  Skylight  Works. 

Von  Nardroff,  Ernest  Robert,  E.  M.,        .        .        .     1886. 

Instructor  of  Physics,  Barnard  College,  348  Madison  Avenue, 
New  York  City,  and  360  a  Tompkins  Avenue,  Brooklyn,  N.  Y. 

VtTLTE,  Hermann  T.,  Ph.  B.,  Ph.  D.,    .         .         .         .     1881. 

Assistant  in  Quantitative  Analysis,  School  of  Mines,  New  York 

City,  and  New  Rochelle,  N.  Y. 

1881-82,  Superintendent  Columbia  Cfaemical  Works,  Brooklyn,  N.  Y.     1883- 

91,  Assistant  Instructor  in  Analytical  Chemistry,  School  of  Mines.    Engaged  in 

iuTestigating  new  Analytical  Methods.    Specialty  :  Commercial  Organic  Analysis 

Expert  in  Oils,  Fats,  Soap,  etc. 

w. 

Wainwright,  John  Howard,  Ph.  B.,  .         .         .         .     1882. 

Chemist,  402  Washington  Street,  New  York  City. 
Walker,  H.  V.,  Ph.  B.,      .         .         .         .         .         .     1894. 

38-40  Clinton  Street,  Brooklyn,  N.  Y. 

Walker,  Arthur  Lucien,  E.  M.,         ....     1883. 

General  Manager  Baltimore  Electric  Refining  Company,  Keyser 

Building,  Baltimore,  Md. 

1883-84,  Chemist  and  Assay er,  Old  Dominion  Copper  Co.,  Glohe,  Arizona. 

1885,  Assistant  Superintendent  of  same  company.     1886,  engaged  in  connection 

with  Iron  Metallurgy  in  New  York  City.     1887,  Mechanical  Engineer  for  Silver 

King  Mining  Co.,  Silver  King,  Arizona.  1888-93,  Superintendent,  Old  Dominion 

Copper  Co.,  Globe,  Arizona.     Also  report  on  all  classes  of  Mining  and  Metalluig- 
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ical  Property  in  Arizona.  1893-95,  Consulting  Engineer  Old  Dominion  Copper 
Co.  1893  to  date,  General  Manager  Baltimore  Electric  Refining  Co.,  Baltimore, 
Md. 

Waller,  Elwyn,  A.  B.,  A.  M.,  E.  M.,  Ph.  D.,       .        .    1870. 

7  Franklin  Place,  Morristown,  N.  J. 
1871,  Assistant  Analytical  Chemistry,  School  of  Mines.     1877,  Instructor  Anal- 
ytical Chemistry,  School  of  Mines.    1885-93,  Professor  Analytical  Chemistry, 
School  of  Mines.     1872-85,  Inspector  and  Chemist  N.  Y.  Health  Department. 

Wampold,  Leo,  Ph.  B., 1888. 

204  Monroe  Street,  Chicago,  III. 

Ward,  Delancy  Walton,  Ph.  B.,       .         .         .         .     1888. 

Whitestone,  N.  Y. 

Warner,  Joseph  Lowery,  E.  M.,         ....     1887. 

P.  O.  Box  621,  Spokane,  Wash. 
August,  1887,  to  August,  1888,  Omaha  and  Great  Smelter,  Denver,  Assistant 
Assayer.  August,  1888,  to  July,  1889,  Examination  of  and  Reports  on  Mines  in 
Coeur  d'Almes,  Idaho  and  in  O'Kanagm  Mining  District,  Washington.  Manager 
La  Bellevue  Mine,  same  district.  July,  1889,  to  January,  1890,  Assistant  Super- 
intendent and  Amalgamator,  Golden  Monarch  Mine,  Oregon.  January,  1890-92, 
Examination  and  Reports  on  Mines  in  Western  Washington.  Manager,  Culver 
Mining  Co.  and  V.  P.  Vermilion  Iron  Co.  1892,  Examinations  in  Cascade  Range. 
1893,  Examinations  of  Iron  Deposits,  Island  of  Texado,  British  Columbia. 

Watson,  Frederick  Morgan,  E.  M.,  ....     1885. 

Consolidated  Gold  Fields  of  South  Africa,  Buluwayo,  Rhodesia, 
South  Africa,  and  403  Sibley  Street,  Cleveland,  Ohio. 
1885,  Assayer  and  Surveyor,  La  Maria  Mining  Co.,  Mexico.  1886-89,  Engineer, 
Mill  Superintendent,  Sombrerete  Mining  Co.,  Mexico.  Concentration  and  Lixi- 
viation.  1890,  Engineer  for  Peru  Exploration  Syndicate,  Ltd.,  Peru.  1891  to 
date.  Examining  Engineer  for  Frecheville  Bros.  Special  Experience  in  Roasting 
Rebellious  Ores.  Lixiviation  by  Russell  Process  and  Superintendent  as  above. 
Superintendent ''  Cia  Andes  "  till  1895.  1896,  Engineer  Consolidated  Gold  Fields 
of  South  Africa. 

Watson,  Rolla  Barnum,  E.  M.,  ....     1891. 

Care  Daly  Mining  Co.,  Park  City,  Utah,  and  551  Sibley  Street, 
Cleveland,  Ohio. 
Assayer,  Candemena,  Mexico,  1891.  Supt.  Erection  of  Power  Plant  for  Electric 
Street  R.  R.,  Atlanta,  Ga.,  1892.  September,  1893,  with  Dewey- Walter  Refining 
Co.,  Marsac  Mill,  Park  City,  Utah.  December,  1893,  to  date.  Superintendent 
Dewey- Walter  Refining  Co.  Also  from  May,  1895,  Foreman  Marsac  Leacher. 
1896,  Assistant  Manager  Russell  Process  Co.  and  with  Daly  Mining  Co.,  Park 
City,  Utah. 

Wedekind,  Edwin  Hutrer,  Ph.  B.,     .         .         .         .     1889. 

Northport,  British  Columbia. 
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Weed,  Walteb  Harvey,  E.  M.,  .         .         .         .     1883* 

U.  S.  Geological  Survey,  Washiogton,  D.  C,  and  care  S.  R.  Weed, 
South  Norwalk,  Conn. 
1883  to  date,  Geologist  on  the  United  States  Geological  Survey.  1883-89,  gen- 
eral geology  of  the  Yellowstone  National  Park,  especially  of  sedimentary  rocks, 
with  examinations  of  the  adjacent  mining  regions.  1890,  straotnral  and  economic 
geology  of  the  country  north  of  the  Yellowstone  Park,  with  special  studies  of  the 
coal-fields  of  Montana.  Specialty,  economic  and  stratigraphic  geology.  Puhli- 
cations:  ''A  deadly  Gas-spring  in  the  Yellowstone  National  Park.'' — Science, 
'* The  Diatom-heds  and  Marshes  of  the  Yellowstone  National  Park.'' — Botanical 
QazetU.  "The  Formation  of  Hot  Spring  Deposits.''  Ninth  Annual  Report  of 
the  Director  U.  S.  Geological  Survey.  **  Geysers.  "—School  of  Minks  Quab- 
T£BLY.  "Notes  on  the  Coal-fields  of  Montana."— School  of  Mines  Quab- 
TEBLY.  "The  Cinnaha  and  Bozeman  Coal-fields  of  Montana." — BulUtin  Geo- 
logical  Society  of  America^  and  other  papers. 

Weeks,  William  Holden,  Ph.  B.,       .         .         .         .     1889, 

789  Madison  Avenue,  New  York  City. 
1889-90,  Assistant  Chemist,   New  York  Chemical  Manufacturing  Company. 
April,  1890,  to  date,  Assistant  Chemist  Health  Department,  New  York  City. 

Welch,  Alexander  McMillan,  Ph.  B.  (Arch.),  .        .     1890. 

447  Lexington  Avenue  and  503  Fiflh  Avenue,  New  York  City. 
1890-91,  in  architect's  ofSce.     1891-93,  McKim  Fellow,  traveling  in  Europe. 
1893  to  date,  as  ahove. 

Wells,  James  Simpson  Chester,  Ph.  B.,  Ph.  D.,  .     1875^ 

Columbia  University,  School  of  Mines,  New  York  City,  and  221 
Union  Street,  Hackensack,  N.  J. 

1875-79,  Assistant  in  Quantitative  Analysis,  School  of  Mines.  Vacation  of 
1877,  spent  as  Night  Superintendent  Pennsylvania  Lead  Works.  1879-93,  In- 
structor in  Qualitative  Analytical  Chemistry,  School  of  Mines. 

Wertheimer,  Lewis,  Ph.  B., 1887. 

Western  and  Bedwell  Streets,  Allegheny  City,  Pa. 

Westebvelt,  William  Y.,  E.  M.,        .         .         .         •     1894, 

Acting  Mining  Superintendent  Ducktown  Sulphur,  Copper  and 
Iron  Co.,  Isabella,  Polk  County,  Tenn. 
1894-95,  Chemist  and  Surveyor,  Ducktown  Sulphur,  Copper  and  Iron  Co.,  Ltd. 
1895-96,  Engineer  and  Chemist,  same  company.    1896,  Acting  Mining  Superin- 
tendent, same  company. 

Wheeler,  Herbert  Allen,  E.  M.,       .         .         .         ,     1880. 

1416  Chemical  Building,  and  3124  Locust  Street,  St.  Louis,  Mo. 
During  1880,  Assistant  Geologist  in  Utah,  on  U.  8.  Geological  Survey.  During 
1881,  Assistant  Engineer  Denver  and  Rio  Grande  Western  Railroad,  in  Utah  and 
Colorado,  on  location  and  construction.  During  1882,  Superintendent  Vermont 
Copper  Company,  Ely,  Vermont.  From  1883  to  1894,  at  Washington  University, 
St.  Louis;  Adjunct  Professor  of  Mining;   also  Consulting  Mining  Engineer. 
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Since  1891,  ASBistant  MiaBoori  Geological  Survey.    1894,  Consalting  Mining  En- 
gineer.   1896,  Secretary  and  Treasarer,  Standard  Tile  Go. 

White,  Eobert  Davis,  C.  E., 1892. 

39  East  Seventy-fourth  Street,  New  York  City. 

White,  Theodore  G.,  Ph.  B.,  M.  A.,  .         .         .         .     1894. 

Geol.  Department,  Columbia  University,  and  39  West  Twenty- 
sixth  Street,  New  York  City. 
Summer  of  1893,  working  on  the  Geology  of  the  Lake  Champlain  region.  Sum- 
mer of  1894,  traveling  and  examining  mining  r^ona  sorronnding  the  Great 
Lakes  in  Canada  and  United  States,  also  researches  on  the  Geology  of  Mt.  Desert 
Island,  Maine.  1894  and  1895,  Post-Gradnate  Student  in  Geology.  Besearches 
on  the  Trenton  formation  of  the  Lake  Champlain  Valley.  1895-96,  Lecturer,  N. 
Y.  Board  of  Education.    1896,  Assistant  in  Physics,  Colxmibia  University. 

Whiting,  Lowe,  E.  M., 1895. 

Care  Messrs.  Gaminara  &  Selder,  Tumaeo,  Rep.  Colombia,  S.  A. 

Whitlock,  Herbert  Percy,  C.  R,       .         .         .         .     1889. 

Assistant  in  Mineralogy,  Columbia  University,  School  of  Mines, 
and  449  Park  Avenue,  New  York  City. 

Wiechmann,  Ferdinand  G.,  Ph.  B.,  Ph.  D.  .         .     1881. 

Instructor  in  Chemical  Philosophy  and  Chemical  Physics,  Colum- 
bia University,  School  of  Mines,  and  671  West  End  Avenue, 
New  York  City. 
Consulting  Chemist  American  Sugar  Refining  Co.,  Brooklyn,  N.  Y. 

Wiener,  William,  A.  M.,  Ph.  B.,         .         .         .         .     1891. 

Newark  High  School,  and  62J  Nelson  Place,  Newark,  N.  J. 
1891-92,  Chemist  to  the  Hanson,  Van  Winkle  Co.,  Newark,  N.  J.    189i^-93, 
Chemicals  for  Electro-plating,  87  and  89  Mechanic  Street,  Newark,  N.  J.      1893 
to  date,  Instructor  in  Newark  High  School,  and  general  chemical  practice. 

Williams,  Granville  Whittlesey,  E.  M.,  C.  E.,  .     1879. 

323  Genesee  Street,  Utica,  N.  Y. 

Williams,  John  Townsend,  E.  M.,  Ph.  B.,  .         .         .     1873. 

Architect  and  Builder,  906-914  New  York  Life  Building,  346-348 
Broadway,  New  York  City,  and  Stamford,  Conn. 

Williams,  William  Fish,  C.  E.,  E.  M.,        .         .         .     1881. 

City  Engineer,  224  Pleasant  Street,  New  Bedford,  Mass. 
Chief  Engineer,  later  also  Assistant  Manager  to  Cumberland  Lands,  Ltd.,  of 
Stewart  County,  Tenn.    1890-93,  City  Engineer  New  Bedford,  Mass.    1893  to 
present  time,  also  Chief  Engineer  at  present  on  the  construction  of  the  New  Bed- 
ford and  Fairhaven  Bridge. 

Willis,  Bailey,  E.  M.,  C.  E., 1878. 

U.  S.  Geological  Survey  and  2117  Bancroft  Place,  Washington, 
D.  C. 
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Jnne,  1879,  to  Jnly,  1881,  Special  Agent  Tenth  Censns;  sampler  of  iron  ores 
and  student  of  iron  deposits  in  states  east  of  the  Mississippi  riTer.  Angnst,  1881, 
to  Jnne,  1884,  Geologist  in  chaige  of  Pacific  division  of  Northern  Transcontinental 
Survey,  diiefly  engaged  in  coal  explorations  in  Washington,  Oregon  and  Montana. 
July,  1884,  to  Febmary,  1889,  Aasistant  Geologist  U.  8.  Geological  Snrv^, 
working  in  Tennessee  and  North  Carolina.  March,  1889,  to  Jnne,  1893,  Geolo- 
gist in  duu^e  of  Appalachian  division,  U.  8.  Geological  Survey,  directing  work 
and  studying  geologic  problems  of  the  Palseocoic  rocks  south  of  Pennsylvania. 
1891-93,  Editor  of  Geologic  Maps  for  Folios  of  the  Geologic  Atlas  of  the  United 
States.  In  1895-96,  Geologist  in  chai^ge  of  operations  in  the  Gasoade  Range  and 
Puget  Sound  Basin,  Washington. 

Wilson,  Herbert  M.,  C.  E., 1881. 

U.  S.  (Geological  Survey,  Washington,  D.  C. 
1881-82,  Leveller  and  Transitman,  afterwards  Chief  of  Preliminary  party,  S. 
&  D.  R.  R.,  Mexico.    1882-88,  Topographer  U.  S.  Geological  Survey.    1889-90,^ 
Division  Engineer,  U.  S.  Irrigation  Surveys.    1891,  Geographer,  U.  S.  Geological 
Survey.    1894,  Chief  Geographer. 

Wilson,  William  Alexander,  E.  M.  .         .         .     1882. 

Chamber  of  Commerce,  Salt  Lake  City,  Utah. 
Assay er  for  two  and  a  half  years.  Superintendent  of  Sampling  Mill  for  two 
years.  Superintendent  of  30-Stamp  Mill  (dry  crushing,  chloridizing,  amalga- 
mating  and  lixiviating,  capacity  sixty  tons  per  day)  for  five  years.  Specialty, 
treatment  of  silver  and  gold  ores  and  examining  and  reporting  on  mining  prop- 
erties. Superintending  of  Mining  or  Milling  operations.  U.  S.  Deputy  Mineral 
Surveyor. 

WiLTSiE,  Ernest  Abram,  E.  M.,  ....     1886. 

General  Manager  Geldenhuis  Estate  and  Gold  Mining  Co.,  Johan- 
nesburg, South  African  Republic. 
1885-86,  Assistant  Chemist  Edgar  Thomson  Steel  Works,  Braddock,  Pa.  1886> 
to  May,  1887,  Chemist  Colorado  Coal  and  Iron  Company,  Pueblo,  Colo.  May, 
1887,  to  August,  1888,  Chemist  for  the  Globe  Smelting  and  Refining  Company^ 
Denver,  Colo.  August,  1888,  to  April,  1890,  Assistant  Superintendent  North 
Star  Mining  Company,  Grass  Valley,  Cal.  April,  1890-91,  Superintendent 
Menlo  Mines,  Grass  Valley,  Cal.  January,  1892,  Expert  work,  Nevada  Co.,  Cal. 
January  to  August,  1892,  with  California  State  Mining  Bureau.  August,  1892, 
to  January,  1893,  Expert  work  through  California.  April,  1893,  Manager  Gold 
Mines  for  Bamato  Bros.,  Johannesburg,  So.  Africa.  July  1,  1894,  Geldenhuia 
Est  and  Gold  Mining  Co.,  Johannesbui^,  S.  A.  Rep. 

WiNDOLPH,  Augustus  Paul,  Ph.  B.,    .         .         .         .     1892» 

Address  unknown. 

WiTTMACK,  Charles  Augustus,  M.  S.,  Ph.  B.,  Ph.  D.,     .    1882* 

675  Hudson  Street,  New  York  City. 

WooLSON,  Ira  Harvey,  E.  M., 1886. 

Columbia  University  School  of  Mines,  New  York  City. 
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1885-86,  Assistant  Geological  Surrey  of  New  JeEsey.  188&-87|  Assistant  Assay 
Department,  School  of  Mines.  1887-89,  Assistant,  Drawing  Department  School  of 
Mines.  1891  to  date,  Instmotor  Mechanical  Engineering  and  Drawing,  School  of 
Mines,  Colombia  University. 

Y. 

Yeizar,  Roberto,  E.  M., 1895. 

A.  P.  27,  Zacatecas,  Mexico,  also  care  C.  Yiaders,  14-16  South 
William  Street,  New  York  City. 

Young,  Edward  Leavitt,  E.  M.,        ....     1882. 

American  buyer  Takata  &  Co. ,  of  Tokio,  Japan,  10  Wall  Street 
and  817  West  Eighty-ninth  Street,  New  York  City. 


i 
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HONORARY   MEMBERS. 


Chandler,  Charles  F.,  Ph.  D. 

Professor  of  Chemistry,  School  of  Mines,  Columbia  University. 
Address,  51  East  Fifty-fourth  Street,  New  York  City. 

Egleston,  Thomas,  E.  M.,  Ph.  D. 

Professor  of  Mineralogy  and  Metallurgy,  School  of  Mines,  Colum- 
bia University.  Address,  35  West  Washington  Square,  New 
York  aty. 

Miller,  George  M. 

Bingwood,  New  Jersey. 

Rood,  O.  N.,  A.  M. 

Professor  of  Physics,  Columbia  University.  Address,  Columbia 
University,  New  York  City. 

Van  Amringe,  J.  H.,  A.  M.,  Ph.  D. 

Professor  of  Mathematics,  School  of  Mines,  Columbia  University. 
Address,  66  West  Forty-seventh  Street,  New  York  City. 

Ware,  William  R.,  B.  S. 

Professor  of  Architecture,  School  of  Mines,  Columbia  University. 
Address,  126  East  Twenty-eighth  Street,  New  York  City. 


Honorary  Members  Deceased. 


Agnew,  C.  R.,  . 

.  1888. 

Babnabd,  F.  a.  p.,  . 

.  1889. 

Newbkrrt,  J.  S., 

.  1892. 

Peck,  W.  G., 

.  1892. 

RUTHERFURD,  LeWIS  M.    .     .     . 

.  1892. 

Trowbridge,  W.  P.,     ... 

.  1892. 

Fish,  Hamilton,    .... 

.  1893. 

LIST  No  3. 


Contains  the  names  of  Graduates  of  the  School  of  Mines,  not 
members  of  the  Alumni  Association,  nor  participating  in 
the  benefits  of  such  membership.  For  this  reason  great 
uncertainty  prevails  as  to  many  of  the  addresses  given, 
which  are  the  best  at  hand. 

It  is  very  desirable  that  this  list  should  be  shortened  as  far  as 
practicable  by  the  transfer  of  names  from  it  to  the  pre- 
ceding List,  No.  2,  under  the  Rules. 


(Kevised  to  March,  1897.) 
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Aohen,  J.  B.,  Ph.  B., 1894. 

Haworth,  N.  J. 

Adams,  W.  J.,  A.  M.,  £.  M., 1878. 

Koom  15,  No.  132  Market  St,  San  Frandsoo,  Gal. 

Adams,  W.  C,  G.  £., 1884. 

47  W.  28th  Street,  New  York  Gity. 

Agiamont^,  Joe6  Gesar,  G.  E., 1886. 

Address  unknown. 

Agramont^,  I,  E.,  G.  £., 1893. 

Zalieta  No.  3,  Havana,  Gaba. 

Alden,  Herbert  G.,  E.  M., 1884. 

Address  unknown. 

Aldrioh,  G.  H.,  Ph.  B., 1893. 

8  Gushing  Street,  Providence,  R.  I. 

Anderson,  George  Mendenhall,  Ph.  B., 1891. 

East  Walnut  Hills,  Ginefnnati,  Ohio. 

Andreeen,  Gharles  Alfred,  E.  M., 1881. 

Piokard  &  Andresen,  89  Gold  Street,  New  York  Gity. 

Appleby,  John  Storm,  Ph.  B.,  A.  M., 1888. 

Architect,  216  West  Fifty-ninth  Street,  New  York  Gity. 

Aiden,  John  L.,  Ph.  B.,  E.  E., 1896. 

Garrison,  N.  Y. 

Asofaman,  Fred.  Theo.,  Ph.  B., 1881. 

Ghemist  and  Professor  of  Ghemistry,  Goll^e  of  Pharmacy, 

Auxyansen,  Fredh.,  G.  E., 1896. 

Piermount,  N.  Y. 
and  86  Water  St.,  Pittsburg,  Pa. 

Ayestas,  Alberto,  Ph.  B., 1883. 

Tegucioalpa,  Honduras,  G.  A. 
Ayres,  yv.  G.,  Ph.  B.,         ....•...••    1893. 

Address  unknown. 

BaidweU,  A.  F.,  E.  M., 1883. 

Box  773,  Aspen,  Golo. 

Barnard,  Aug.  Porter,  E.  M., 1868. 

125  East  Twenty-sixth  Street,  New  York  Gity. 

Banos,  Louis  deSouza,  E.  M.,  G.  E., 1877. 

Address  unknown. 

Bartlett,  F.  R.,  G.  E., 1880. 

344  Madison  Street,  Brooklyn,  N.  Y. 

Beokstein,  Gharles  Alfred,  Ph.  B., 1888. 

336  West  Forty-sixth  Street,  New  York  Gity. 

Beokwith,  Gharles  Ellsworth,  Met.  Eng., 1888. 

Address  unknown. 

Beekwith,  Geoige  Alexander,  G.  E., 1890. 

Paterson,  N.  J. 

Behlen,  Herman,  Ph.  B., 1890. 

125  East  One  Hundred  and  Fifteenth  Street,  New  York  Gity. 

Behr,  Edward,  C.  E., 1877. 

426  Henry  Street,  Brooklyn,  N.  Y. 

Bell,  Hendeison  M.,  Jr.,  E.  M., 1886. 

Bramwell,  Mercer  Go.,  W.  Va. 
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Beiigen,  Chas.  Hill,  C.  £., 1892. 

Bed  Bank,  N.  J. 

Berry,  Gerald,  C.  E., 1889« 

78  Morton  Street,  Brooklyn,  N.  Y. 

Black,  Ales.  L.,  £.  M., 1890. 

56  Garondelet  Stoeet,  New  Orleans,  La. 

Bli8a,C)ollinsPechin,  Ph.  B., 1891. 

60  Cedar  St.,  Boom  9,  New  York  City. 

BoUes,  Bandolph,  Ph.  B 1892. 

Englewood,  N.  J. 

Bolton,  Bobert,  Ph.  B.,  M.  D., .     1879. 

Assistant  Physician,  Essex  County  Insane  Asylom,  So.  Orange  Av.,  Newark,  N.  J. 

Bossange,  E.  B.,  Ph.  B., 1893. 

75  West  Fort^-fifth  Street,  New  York  City. 

Brennan,  Andrew  Joseph,  C.  E., 1885. 

Address  unknown. 

Bridgham,  Samuel  Willard,  E.  M., 1867. 

49  West  Twenty-third  Street,  New  York  City. 

Brinokerhoff,  George  Charles,  E.  M., 1878. 

Aportado  183,  Matanisas,  Cuba. 

Branson,  Edward  Stelle,  A.  B.,  A.  M.,  E.  M., 1867. 

49  Garden  Plaoe,  Brooklyn,  N.  Y. 

Brooks,  W.  F.,  Ph.  B., 1893. 

335  West  Fifty-fifth  Street,  New  York  City. 

Brudkman,  Frederick,  E.  M., 1869. 

U.  S.  Mint,  and  120  West  Third  Ave.,  Denver,  Colo. 

Buckingham,  Frederick  Endioott,  E.  M., 1884. 

Department  Public  Works,  Brooklyn,  N.  Y. 

Buckland,  Will  A.,  Ph.  B., 1890. 

36  East  Twenty-second  Street,  New  York  City. 

Bullman,  Chas.,  Ph.  B., 1883. 

808  3d  Place,  Plainfield,  N.  J. 

Buirill,  Percy  M.,  E.  M., 1896. 

Bartow-on-Sound,  N.  Y.,  and  56.  £.  49th  Street,  New  York  City. 

Bush,  William  Falkner,  E.  M., 1885. 

Address  unknown. 

Cairns,  Fred.  Irvan,  Met.  Eng., 1890. 

20  Buckingham  Avenue,  Bridgeport,  Conn. 

Campbell,  Alonzo  Clarence,  E.  M., 1869. 

Mining  Engineer,  306  Bussell  Street,  Nashville^  Tenn.    Specialty,  Milling 

and  Concentration. 

Canfield,  M.  C,  E.  E., 1893. 

18  Clinton  Street,  Cleveland,  Ohio. 

Carney,  Edward  J.,  C.  E., 1896. 

67  W.  68th  Street,  New  York  City. 

Carrdre,  Joseph  Maxwell,  C.  E., 1883. 

36  Park  Plaoe,  New  York  City,  and  New  Brighton,  N.  Y. 

Carson,  Joseph,  C.  E., 1890. 

31  West  Fifty-fifth  Street,  New  York  City. 

Cary,  Geo.  B.,  Ph.  B., 1885. 

184  Delaware  Avenue,  Buffalo,  N.  Y. 
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Chapman,  A.  W.,  E.  £.,  A.  B., 1894. 

160  Hicks  Street,  Brooklyn,  N.  T. 

Chazel,  P.  E., 1881. 

56-58  Broad  Street,  Charleston,  S.  Ca. 

Clark,  Leroy,  Jr.,  E.  E 1894. 

350  West  Fiftieth  Street,  New  York  City. 

Clayton,  William  Robert,  Ph.  B., 1890. 

Architect,  31  and  32  Rialto  Building,  Chicago,  111. 

Cloud,  Leo  George,  A.  B.,  E.  M., 1879. 

216  Monmouth  Street,  Newport,  Ey. 

Colton,  Frederick  Gray,  Ph.,  B., 1890. 

136  Montague  Street,  Brooklyn,  N.  Y. 

Colt,  S.  B.,  Ph.  B 1888. 

1197  Broad  Street,  Newark,  N.  J. 

Comstock,  Claude  Nichols,  C.  E., 1888. 

Address  unknown. 

Constant,  Charles  Louis,  E.  M.,  C.  E., 1877. 

32  Park  Street,  Jersey  City,  N.  J. 

Cornell,  George  B.,  E.  M.,  C.  E., 1877. 

29  Broadway  and  46  West  48th  Street,  New  York  City. 

Cornwall,  George  Rockwell,  E.  M.,  C.  E., 1876. 

189  Lefferts  Place,  Brooklyn,  N.  Y. 

Coursen,  George  Hampton,  E.  M.,  C.  E 1868. 

Address  unknown. 

Covell,  E.  C,  A.  B., 1892. 

Address  unknown. 

Covell,  W.  S.,  Ph.  B 1893. 

42  West  Sixty-sixth  Street,  New  York  City. 

Coykendall,  Thomas  Cornell,  C.  E., 1890. 

Rondout,  N.  Y. 

Cozzens,  Harmon,  E.  M., 1885. 

Address  unknown. 

Cristy,  Edward  Buxton,  Ph.  B., 1891. 

Albuquerque,  New  Mexico. 

Cromwell,  James  William,  Jr.,  Ph.  B., 1889. 

Architect,  29  Brevoort  Place,  Brooklyn,  N.  Y. 

Crowell,  Charles  B.,  Ph.  B., 1885. 

Minneapolis,  Minn. 

Curtis,  Charles  Gordon,  C.  E., 1881. 

President  Curtis  Electrical  Mfg.  Co.,  Whiton  St.,  Jersey  City,  N.  J. 

Curtiss,  C.  C,  A.  B.,  A.  M., 1892. 

Address  unknown. 

Darrach,  J.  M.  A.,  Ph.  B., 1896. 

Morristown,  N.  J. 

Da\'is,  William  Monroe,  E.  M., 1890. 

Syracuse,  N.  Y. 

Del  Calvo,  Francis,  C.  E., 1884. 

Address  unknown. 

Detwiller,  Charles  Henry,  Ph.  B., 1885. 

Detwiller  &  Melendy,  97  Nassau  Street,  New  York  City,  and  56  Danforth 

Avenue,  Jersey  City,  N.  J. 
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Dodswortb,  W.  A.,  Ph.  B., 1888. 

19  Beaver  Street,  New  York  City. 

Boolittle,  Charles  Horace,  E.  M., 1885. 

Address  anknown. 

Dowie,  Horace,  A.  B.,  E.  £., 1896. 

363  Jefferson  Ave.,  Brooklyn,  N.  Y. 

Downing,  Oirien  Plnkerton,  Ph.  B., 1878. 

116  Battery  Street,  San  Francisco,  Cal. 

Dunn,  Gano  Silliok,  B.  S.,  E.  E., 1891. 

Elect.  Engineer,  Crocker- Wheeler  Electric  Co.,  Ampere,  East  Orange,  N.  J. 

Durham,  Edward  B.,  E.  M., 1892. 

Mt.  Kisko,  N.  Y. 

Eliot,  Walter  Greame,  E.  M.,  C.  E.,  Ph.  B.,  Ph.  D.,         .        .        .        .     1878. 

•*  University  Magazine,''  70  South  St.,  and  University  Club,  N.  Y.  City. 

Ellis,  A.  Van  Horn,  C.  E., 1889. 

Bartow-on-Sound,  N.  Y. 
Emanuel,  L.  V.,  C  E.,      ..........     1896. 

925  Park  Avenue,  New  York  City. 

Emery,  H.  G.,  Ph.  B., 1894. 

Nyack,  N.  J. 

Escobar,  Francisco,  E.  M., 1889. 

842  Wilson  Avenue,  Clevehwd,  Ohio. 

Fales,  William,  E.  S.,  E.  M.,  LL.  B., 1871. 

Amoy,  China. 

Fellows,  William  K.,  Ph.  B., 1894. 

7818  Eggleston  Avenue,  Chicago,  111. 

Fenner,  Clarence  Norman,  E.  M., 1892. 

Paterson,  N.  J. 

Ferguson,  George  Albert,  Ph.  B., 1890. 

138  Wilson  Street,  Brooklyn,  N.  Y. 

Fisher,  Lloyd  Wiegand,  Ph.  B., 1890. 

109  E.  Twenty-eighth  Street,  New  York  City. 

Fitch,  Charles  Lincoln,  E.  M., 1882. 

Address  unknown. 

Fitch,  Josiah  Huntingdon,  E.  M., 1884. 

Address  unknown. 

Fitzgerald,  George  E.,  E.  M., 1884. 

El  Paso,  Texas. 

Fiancke,  Kobert  Otto,  C.  E., 1880. 

W.  Passburg,  Esq.,  Moscow,  Russia. 

Frankfield,  Emil,  C.  E., 1886. 

328  W.  FiftyH3ixth  Street,  New  York  City. 

Franklin,  L.  M..  Jr.,  Ph.  B., 1896. 

Flushing,  L.  I.,  N.  Y. 

Frisbee,  H.  D.,  E.  E., 1894. 

Fulton  Street,  New  York  City. 

Fuentes,  Paul,  E.  M., 1894. 

321  Hudson  Street,  Hoboken,  N.  J. 

Gage,  Samuel  Edson,  Ph.  B., 1887. 

Architect,  114  Fifth  Avenue,  New  York  City. 
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Gardner,  WattB  Denning,  C.  E. 1888. 

Board  of  Health,  New  York  City, 

CrarriBon,  Edmnnd  Hoyt.  E.  M.,  C.  E., 1876. 

84  Highland  Street,  Yonkers,  N.  Y. 

Geer,  George  Jarria,  Jr.,  E.  M., 1868. 

Merchant,  453  Broome  Street,  New  York  City. 

Giddlngs,  Edward  Everett,  E.  M., 1867. 

Merchant,  413  Boyal  InBurance  Baildiog,  Ghioago,  111. 

Goldamith,  Byron  Benjamin,  Ph.  B., 1887. 

19  East  Sevenly-fonrth  Street,  New  York  City. 

Goldsmith,  Goldwin,  Ph.  B., 1896. 

New  Rochelle,  N.  Y. 

Gonld,  Edward  Ludlow,  C.  E., 1890. 

59  Hawthorne  Avenne,  Yonkers,  N.  Y. 

Greene,  Wilkins  Updike,  Ph.  B., 1880. 

104  Columbia  Heights,  Brooklyn,  N.  Y. 

Gregory,  L.  E.,  C.  E., 1893. 

406  Pnimnio  Avenue,  Kearney,  N.  J. 

Griffin,  S.  P.,  Jr., •   .    1884. 

449  Park  Avenue,  New  York  City. 

Griffith,  Vincent  Colyer.  Ph.  B., 1889. 

160  Herkimer  Street,  Brooklyn,  N.  Y. 

Griggs,  Wilfred  Elizur,  Ph.  B., 1889. 

Architect,  Waterbury,  Conn. 

Haas,  Hany  Leopold,  Ph.  B., 1878. 

Carr^  and  Haas,  36  Park  Pkice,  New  York  City. 

Hamilton,  Schuyler,  Jr.,  A.  B.,  A.  M.,  E.  M., 1876. 

Croton-on-Hudson,  Westchester,  Co.,  N.  Y.,  Architect  and  Brick  MTr. 

Hanson,  R.  C,  C.  E., 1894. 

79  Manhattan  Avenue,  New  York  City. 

Harker,  Charles  Sumner,  E.  M., 1879. 

26  Montgomery  Street,  San  Francisco,  Cal. 

Harmer,  Thomas  Hayes,  A.  B.,  A.  M.,  E.  M., 1867. 

113  East  Twenty-seventh  Street,  New  York  City. 

Harrison,  Newton,  E.  E., 1892. 

Electrical  Engineer,  136  Liberty  Street,  New  York  City. 

Hart,  Bumham,  C.  E., 1885. 

Bamsay,  N.  J. 

Hart,  Charles  Henry,  C.  E., 1890. 

199  Lenox  Avenue,  New  York  City. 

Hasegawa,  Yothinosuke,  E.  M.,  Ph.  D., 1878. 

Mitsu  Bishi  Sha,  No.  11,  Awajioho,  Nichome  Kanda,  Tokio,  Japan. 

Hawkes,  Emil  MacDougal,  A.  B.,  E.  M., 1885. 

267  Fifth  Avenue,  New  York  aty. 

Hawks,  H.  D.,  E.  E., 1896. 

40  W.  55th  Street,  New  York  City. 

Hay,  Arthur,  E.  M 1892. 

621  South  Second  Street,  Springfield,  111. 

Heinze,  Frederick  Augustus,  E.  M., 1889. 

General  Manager,  Montana  Ore  Purchasing  Co. ,  Butte,  Montana. 
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Heaselbooh,  Chas.  V.,  C.  £., 1896. 

93  Lexington  Avenne,  New  York  City. 

Hemmer,  Frederick  Adolph,  Ph.  B. , 1881. 

Box  6,  Edgewater,  N.  J. 

Heye,  Geo.  G.,  £.  E., 1896. 

11  E.  48th  Street,  New  York  City. 

Hooper,  Louis  Moeher,  C.  E., 1880. 

Rutherford,  N.  J. 

Holter,  Norman  Bernard,  £.  M., 1891. 

A.  M.  Holter  Hardware  Co.,  Helena,  Mont. 

Horn,  James  Thnrston,  A.  B.,  C.  £., 1884. 

Naval  Arohiteot,  and  13  E.  Fifty-third  Street,  New  York  City. 

Hombofitel,  Henry  Frederick,  Ph.  B., 1891. 

39  Second  Place,  Brooklyn,  N.  Y. 

Hoyt,  John  Sherman,  C.  E., 1890. 

934  Fifth  Avenue,  New  York  City. 

Hoyt,  R.,  C.  E., 1893. 

Katonah,  N.  Y. 

Hoyt,  W.  L.,  C.  E., 1876 

Glohe  Smelting  and  Refining  Co.,  Denver,  Colo. 

Hudson,  Edward  Henry,  C.  E., 1880. 

Address  unknown. 

Huntting,  Henry  Ogden,  Ph.  B., 1887. 

Architect,  454  Ceasson  Avenue,  Brooklyn,  N.  Y. 

Hyatt,  Chas.  Edwd.,  E.  E., 1896. 

Newark,  N.  J. 

Ihlseng,  M.  C,  C.  E.,  Ph.  D 1875. 

State  College,  Pa. 

Ivee,  Arthur  Stanley,  C.  E.,  E.  E., 1889. 

33  Sidney  Place,  Brooklyn,  N.  Y. 

Jackson,  Charles  Edward,  C.  E., 1875. 

15  Courtland  Street,  New  York  City. 

Jaoohe,  H.  H.,  Ph.  B., 1894. 

107  E.  Seventy-eighth  Street,  New  York  City. 

Jarmulowsky,  Meyer,  Ph.  B., 1890. 

27  JefFerson  Street,  New  York  City. 

Joffe,  Mayer,  C.  E., .        .    1894. 

Verona,  N.  J. 

Jenney,  Walter  Proctor,  E.  M.,  Ph.  D., 1869. 

Rapid  City,  South  Dakota. 

Jones,  E.  M.,  C.  E., 1894. 

312  W.  Twenty-eighth  Street,  New  York  City. 

Jones,  Thomas  John,  Met.  Eng., 1890. 

Pulaski  City,  Va. 

Jordao,  Jose  Nabor  Paoheco,  C.  E.,  £.  M.,  Ph.  B,, 1877. 

Address  unknown. 

Judd,  Charles  Breck,  E.  M., 1881. 

Westinghouse  Building,  Pittsburg,  Pa. 
Karr,  C/.  P.,  Ph.  B.,   ...........     1878. 

1  Union  Square,  West,  New  York*  City. 
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Keeler,  Frederick  Steriing,  Ph.  B., 1891. 

530  Boooh  Avenue,  Bnfialo,  N.  Y. 
King,  Charles,  Ph.  B 1876. 

Railroad  oontraotor,  King  &  Dickinson,  Taooma,  Wash. 

Kletchka,  John  Joseph,  A.  B.,  G.  £., 1892. 

247  Willis  Avenue,  New  York  City. 

Knapp,  John  Angnstns,  A.  B.,  A.  M.,  £.  M., 1870. 

Chicago  and  Aurora  Smelting  Co.,  Chicago,  111. 

Knox,  Charles  E.,  E.  E., 1892. 

Jas.  W.  Queen  &  Co.,  Philadelphia,  Pa. 

Kohn,  Robert  David,  Ph.  B., 1890. 

4  Rue  Honor^  Chevalier,  Paris,  France. 

Kom,  Louis,  Ph.  B., 1890. 

261  Broadway,  New  York  City. 

Ledoux,  Augustus  Damon,  Ph.  B., 1881. 

P.  O.  Box  426,  Richmond,  Va. 

Lee,  Henry  Charles,  C.  E., 1886. 

127  East  Twenty-first  Street,  New  York  City. 

Liditenstein,  Edward  Gervaise,  Ph.  B., 1890. 

14  W.  Seventy-fourth  Street,  New  York  City. 

Lindsley,  Stewart,  E.  M. , 1870. 

Orange,  N.  J. 
Livingston,  Goodhue,  Ph.  B., 1892. 

Geo.  B.  Post,  Century  Bldg.,  New  York  City. 

Lord,  Nathaniel  Wright,  E.  M., 1876. 

Professor. Mining  and  Metallurgy,  Ohio  State  University,  Columbas,  O. 

Lowndes,  William  Shepherd,  Ph.  B., 1890. 

42  Sherman  Place,  Jersey  City,  N.  J. 

McDowell,  Frederick  H.,  E.  M., 1872. 

Address  unknown. 

Mcllvaine,  Alexis  Reed,  Ph.  B., 1888. 

Architect,  48  Exchange  Place,  New  York  City. 

Mcivee,  U.  S.,  £•  M.,  .....•.■••     lo9i** 

Los  Angeles  Terminal  Railway  Co.,  Los  Angeles,  Cal. 

McKinlay,  James  Buell,  E.  M., 1892. 

108  W.  Seventy-ninth  Street,  New  York  City. 

McKleroy,  William  Henry,  Met.  Eng., 1890. 

Cashier  Anniston  National  Bank,  Anniston,  Ala. 

McNeil,  Charles  R.,  Ph.  B., 1894. 

Litchfield,  Conn. 
MaoGahan,  Paul,  E.  E., 1896. 

75  East  6l8t  Street,  New  York  City. 

MaoGregor,  Donald,  Ph.  B., 1896. 

1118  Madison  Avenue,  New  York  City. 

Macy,  V.  E.,  Ph.  B., 1893. 

18  West  Fifty-third  Street,  New  York  City. 

Maghee,  John  Holme,  A.  B  ,  A.  M.,  C.  E., 1876. 

Cayuga  Lake  Ice  Line,  Rochester,  N.  Y.,  and  29  East  Thiriy-second 

Street,  New  York  City. 
Mahl,  J.  Thomas,  C.  E., 1891. 

G.  H.  &  S.  A.  R.  R.  Co.,  Houston,  Texas. 


101 


Mann,  C.  R.,  A.  B.,  A.  M., 

Address  onknown. 

Mann,  Horace  Borchsenias,  Ph.  B., 

Orange,  N.  J. 

Mapee,  Charles  Halstead,  Ph.  B., 

60  West  Fortieth  Street,  New  York  City. 

Marsh,  Charles  Wells,  Ph.  B.,  Ph.  D.,        .        .        .        . 

435  Fifth  Avenue,  New  York  City. 

Matthews,  Charles  Thompson,  Ph.  B., 

Architect,  Elm  Park,  Norwalk,  Conn. 

Matthew,  W.  D.,  Ph.  B., 

St.  John,  N.  B.,  Canada. 

Matsni,  Nawokiohi,  Ph.  B.,  Ph.  D., 

Agricultural  College,  Konaha,  Tokio,  Japan 

Mattison,  Joseph  Godley,  Ph.  B., 

ReallEstate  and  Insurance  Broker,  20  W.  Fourteenth  Street, 

Meikleham,  Thomas  Mann  Randolph,  C.  £.,      . 

Address  unknown. 

Merwin,  H.  J.,  E.  M., 

Middlesborough,  Ky. 

Mesa,  Antonio  Estehan,  C.  E., 

Address  unknown. 

Mears,  Geoige  K.,  E.  E., 

Elizabeth,  N.  J. 

Metzger,  Arthur,  Ph.  B., 

43  East  72d  Street,  New  York  City. 

Moeller,  Rudolph,  Ph.  B., 

336  West  Twenty-ninth  Street,  New  York  Ci 

Monell,  Ambrose  Jr.,  E.  E., 

43  Lafayette  Place,  New  York  City. 

Montgomery,  H.  P.  A.,  Ph.  B., 

1189  Madison  Avenue,  New  York  City. 

Morgan,  J.  L.,  Ph.  B., 

47  Fulton  Street,  New  York  City. 

Morewood,  George  Barrow,  E.  M.,  Ph.  D., 

156  West  Seventy-sixth  Street,  New  York  a 

Morewood,  Henry  Francis,  E.  M.,  Ph.  D., 

Importer,  Box  2087,  New  York  City. 

Morris,  B.  W.,  Jr.,  Ph.  B., 

33  West  Forty-second  Street,  New  York  City 

Morse,  Geo.  T.,  Ph.  B., 

613  Carleton  Avenue,  Brooklyn,  N.  Y. 

Munoz  del^Monte,  A.  C,  C.  E.,  Ph.  D.,    . 

328  Chestnut  Street,  Philadelphia,  Pa. 

Munroe,  M.,  E.  E., 

Address  unknown. 

Murray,  George,  E.  M. 

235  West  Twenty-third  Street,  New  York  City 

Murchison,  K.  M.,  Jr.,  Ph.  B., 

46  West  Fifty-seventh  Street,  New  York  City 
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Nambu,  Kingo,  E.  M., 1878. 

Nagasftki,  Japan. 

Nefctre,  L.  R.,  E.  M., 1869. 

26  Coventry  Street  W.,  London,  England. 

Neoarsnlmer,  Edwd.,  Ph.  B., 

109  East  70th  Street,  New  York  City. 

Newton,  T.  M.,  Ph.  B., 1893. 

40  West  Seventy-fifth  Street,  New  York  City. 

Neymann,  Percy,  Ph.  B.,  Ph.  D., 1881. 

Chemist  and  AsBistant  Superintendent,  36  Michigan  Street,  Cleveland,  O. 

NiohoLw,  Harry  Parmelee,  E.  M., 1887. 

Hotel  St.  George,  49  East  Twelfth  Street,  New  York  City. 

Nohle,  Charles  Milton,  E.  M., .    1879. 

Manager  Bnttan  Mfg.  Co.,  Anniston,  Ala. 

Oakes,  J.  C.  B.  S.,  Ph.  B 1893. 

423  West  Twenty-first  Street,  New  York  City. 

Oseranski,  Isaao  Henry,  C.  E., 1889. 

Address  unknown. 

Owens,  Robert  Bowie,  E.  E., 1892. 

Professor  Elect.  Engineering,  University  of  Nebraska,  Lincoln,  Neb. 

Oznard,  James  Guerrero,  Ph.  B., 1883. 

Norfolk,  Neb. 

Painter,  Robt.  E.,  E.  M., 1896. 

5  Union  Street,  New  Brunswick,  N.  J. 

Palmer,  Cortlandt  Edward,  E.  M., 1878. 

Colorado  Springs,  Colo. 

Palmer,  Geo.  A.,  C.  E 1896. 

922  5th  Avenue,  New  York  City. 

Parmly,  Chas.  Howard,  B.  S.,  E.  E., 1892. 

344  W.  Twenty-ninth  Street,  New  York  City. 

Parsons,  H.  A.,  C.  E., 1894. 

South  Norwalk,  Conn. 

Parsons,  George  H.,  E.  M., 1868. 

Colorado  Springs,  Colo. 

Pazos,  Vincent  Felix,  E.  M., 1878. 

Address  unknown. 

Pearoe,  R.,  Ph.  D., 1890. 

Address  unknown. 
Pederson,  F.  M.,  B.  S.,  E.  E.,   .........    1893. 

327  W.  Thirty-fourth  Street,  New  York  aty. 

Pelton,  H.  C,  Ph.  B., 1890. 

Address  unknown. 
Pemoff,  Joel.,  C:  E.,  .......■•.    1896. 

244  East  Broadway,  New  York  City. 

Perry,  Nelson  W.,  E.  M., 1878. 

Editorial  Staff  "  Electrical  World,"  New  York  City. 

Peny,  Chas.  L.,  E.  E., 1696. 

14  Hampden  Street,  New  York  City. 

Pfister,  Philip  Charles^  E.  M., •    1875. 

Address  unknown. 
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Pierce,  Hany  Nelson,  E.  M., 1885. 

Address  unknown. 

Piatt,  Charles  Slason,  £.  M., 1868. 

Assayer,  21  and  31  Gold  Street,  New  York  City. 

Pomeroy,  W.  A.,  E.  M., 1893. 

Osw^o,  Oregon. 
Pope,  J.  xC. ,  Pu.  S.,   .....>...••     lo94. 

Ill  E.  Twenty-fifth  Street,  New  York  City. 

Portnondo,  Jose,  C.  E., 1890. 

San  Basilio,  Alta  28,  Santiago,  Cuba. 

Post,  A.  Van  Zo,  C.  E., 1889. 

45  Wall  Street,  New  York  City. 
Post,  Km  B.,  Pn.  B.,    ...........     lovo. 

Elizabeth,  N.  J. 

Poet,  WiUiam  Stone,  Ph.  B., 1890. 

Bemardsville,  N.  J. 

Powers,  Cornelius  Van  Vorst,  Ph.  B., 1882. 

Assistant  Engineer  Aqueduct,  Katonah,  N.  Y. 

Primelles,  Jose  Alejandro,  C.  E., 1887. 

Mercedes  23,  Puerto  Principe,  Cuha. 

Prince,  A.  D.,  C.  E., 1893. 

30  W.  Forty-seventh  Street,  New  York  City. 

Proctor,  William  Ross,  E.  M., 1884. 

43  and  45  Sixth  Avenue,  Pittsbuig,  Pa. 

•  Provot,  F.  A.,  C.  E., 1893. 

Box  166,  Orange  Valley,  N.  J. 

Ptovot,  George,  Ph.  B., 1889. 

Architect,  24  Highland  Terrace,  Orange,  N.  J. 

Radford,  William  Helsham,  E.  M., 1877. 

Lydenbxurgh  Gold  Mining  Co.,  Limited,  Manchester,  Eng. 

Randolph,  Edmund,  Ph.  B., 1883. 

E.  &  C.  Randolph,  7  Nassau  St.,  New  York  City;  also  Knickerbocker  Club. 

Raymer,  George  Sharp,  A.  B.,  E.  M., 1881. 

Mine  Superintendent,  Idaho  Springs,  Colorado,  and  63  Seventh  Avenue, 

Brooklyn,  N.  Y. 

Raymond,  Alfred,  Ph.  B., 1891. 

123  Henry  Street,  Brooklyn,  N.  Y. 

Raymond,  Wm.  O.,  Ph.  B., 1896. 

31  East  82d  Street,  New  York  City. 

Reed,  William  Bell  Stephen,  E.  M., 1879. 

Helena,  Mont. 
Rees,  B.  F.,  E.  M.,    ...........     1874. 

Chattanooga,  Tenn. 

Reese,  William  W.,  A.  B.,  E.  E., 1892. 

New  Hamburg,  N.  Y. 

Regan,  Geo.  W.,  E.  E., 1896. 

352  Degraw  Street,  Brooklyn,  N.  Y. 

Rennard,  John  C,  E.  £., 1894. 

302  W.  Seventy-third  Street,  New  York  City. 

R^nolds,  M.  T.,  A.  B.,  Ph.  B., 1893. 

98  Columbia  Street,  Albany,  N.  Y. 
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Riofamond,  William  TbomaB,  Ph.  B., 1881. 

68  ThomaB  Street,  New  York  City. 

Riedel,  A.  E.,  E.  £., 1396. 

146  Delaney  Street,  Kew  York  City. 

BiggB,  Geo.  Washington,  Ph.  B., 1371. 

Summit,  K.  J. 

Rittenhooae,  CharlesT.,  E.  £., 1894. 

247  W.  138  Street,  New  York  City. 

Roberts,  Arthur  Carr,  E.  M., 1881. 

Addreas  nnknown. 

Roberts,  Grade  Sayre,  E.  M.,C.  £., 1871. 

Sewer  Bnreao,  Dept.  City  Works,  Brooklyn,  N.  Y. 

Robertson,  Kenneth,  £.  M.,      .....*...     1868. 

General  Manager  West  Superior  Iron  and  Steel  Co.,  W.  Superior,  Wis. 

Robertson,  Ridiard  Spotswood,  Jr.,  E.  M., 1871. 

Jackson,  Minn. 

Robinson,  F.  G.,  E.  E., 1893. 

Superintendent  Amsterdam  Street  Railway,  Amsterdam,  N.  Y. 

Robinson,  Henry  Alvord,  Ph.  B., 1880. 

Lawyer,  150  Broadway,  New  York  City. 

Rogen,  Charles  Louis,  E.  M.,  C.  E., 1877. 

823  Broad  Street,  Chattanooga,  Tenn. 

Rood,  R.  G.,  Ph.  B., 1884. 

Care  Prof.  O.  N.  Rood,  Columbia  University,  New  York  City. 

Ross,  William  Coleman,  C.  E.,  E.  M., 1876. 

Address  unknown. 

Rutherford,  Lewis  Hopkins,  £.  M., 1887. 

Fnmklin,  Pa. 

Sanders,  Wilbur  Edgerton,  E.  M., 1885. 

Mine  Supt.,  Ewing  and  Seventh  Avenue,  Helena,  Mont. 

Savage,  Seward  Merrill,  C.  E., 1892. 

2260  Pacific  Street,  Brooklyn,  N.  Y. 

Sawyer,  Charles  Pike,  Ph.  B., 1881. 

Address  unknown. 

Sergeant,  £.  M.,  E.  E., 1896. 

Summit,  N.  J. 

Shack,  Albert  P.,  E.  M., 1868. 

Address  unknown. 

Serber,  David  C,  C.  E., 1896. 

271  East  Broadway,  New  York  City. 

Sherman,  C.  F.  G.,  C.  E., 1894. 

1138  Seventh  Street,  Boise  City,  Idaho. 

Shire,  Edwd.  I.,  Ph.  B,, 1896. 

109  East  61st  Street,  New  York  City. 

Shope,  Henry  Brengle,  Ph.  B., 1885. 

19  West  Thirty-second  Street,  New  York  City. 

Skidmore,  Samuel  TredweU,  A.  B.,  Ph.  B 1889. 

71  West  Fiftieth  Street,  New  York  City. 

SUchter,  W.  I.,  E.  E., 1896. 

127  W.  58th  Street,  New  York  City. 
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8Ioane,  Thomas  O'Connor,  A.  B.,  A.  M.,  E.  M.,  Ph.  D.,    .  .    1872. 

Soath  Orange,  K.  J. 

Small,  Pianklin  Maurice,  Ph.  B., 1889. 

Architect,  199  Second  Avenue,  New  York  City. 

Smeaton,  William  Henry,  C.  E.,  E.  M., 1877. 

16  Horatio  Street,  New  York  City. 

Smedberg,  Henry  Ashton,  A.  B.,  C.  E., 1884. 

347  Fifth  Avenue,  New  York  City. 

Smith,  H.  A.,  Ph.  B., 1893. 

460  West  Forty-fourth  Street,  New  York  City. 

Smith,  Maxwell,  C.  E., 1880. 

Adon  Smith,  8  Bridge  Street,  New  York  City. 

Smyth,  Rcfland  MulviU,  E.  M.,  C.  E., 1877. 

453  Produce  Exchange,  New  York  City.     1879  to  date,  hanker  and  broker. 

Speyers,  Churence  Livingston,  Ph.  B., 1884. 

Associate  Professor  Chemistiy,  Rutgers  College,  New  Brunswick,  N.  J. 

Stallnecht,  Frederick,  E.  M., 1868. 

Editor,  11  Bond  Street,  New  York  City. 

Starr,  Henry  Fowler,  Ph.  B 1879. 

91  Mt  Pleasant  Avenue,  Newark,  N.  J. 

Steers,  James  Rich.  Ph.  B., 1890. 

10  East  Thirty-eighth  Street,  New  York  City. 

Stem,  Henry,  Ph.  B., 1896. 

230  East  69th  Street,  New  York  City. 

Steinam,  J.  L.,  Ph.  B., 1894. 

31  W.  Ninety-fifth  Street,  New  York  City. 

Stevens,  Alexander,  C.  E., 1887. 

No.  1  Newark  St.,  Hoboken,  N.  J. 

Stewart,  Hunter,  E.  M., 1875. 

Address  unknown. 

St.  John,  Thomas  Matthew,  Met.  Eng., 1890. 

New  York  City. 

Stonghton,  Arthur  Alexander,  Ph.  B., 1888. 

1666  WasMngtoa  Avenue,-New  York  City. 

Stoughton,  Charles  William,  C.  K, 1889. 

1666  Washington  Avenue,  New  York  City. 

Stratton,  Alex.,  E.  E., 1894. 

2013  Fifth  Avenue,  New  York  City. 

Strieby,  William,  A.  M.,  E.  M., 1878. 

Professor  of  Metallurgy  and  Assaying,  Colorado  College,  Colorado  Springs,  Colo. 

Strout,  WUliam  Allen,  Ph.  B., 1891. 

366  Carlton  Avenue,  Brooklyn,  N.  Y. 

Snydam,  John  Richard,  Jr.,  E.  M., 1879. 

14  East  Forty-first  Street,  New  York  City. 

Tachan,  Wm.  G.,  Ph.  B., 1896. 

Louisville,  Ky. 

Tennille,  George  F.,  Ph.  B., 1894. 

Central  Lard  Co.,  519  West  Thirty-third  Street,  New  York  City. 

Thomas,  Franz  Charles,  Ph.  B., 1891. 

Address  unknown. 
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ThompBOD,  Milton  Strong,  Ph.  6., 1875. 

Cbemiflt,  Newbaryport,  Haas. 
Thonip6on,  S.  C,  A.  B.,  £.  M.,  ........    lo93. 

GniflB  Valley,  Nevada  Co.,  Cal. 

Thorne,  William  Lincoln,  Ph.  B., 1890. 

63  High  Street,  Yonkers,  N.  Y. 

Thyng,  Wm.  S.,  £.  M., 1896. 

Deerfield,  Mass. 
Tilghman,  U.  A.,  £.  M.,    ..........     1893. 

Sanslito,  Cal. 

Toch,  Max  B.,  Ph.  B., 1896. 

34  W.  92d  Street,  New  York  City. 

Tompkins,  J.  A.,  Ph.  B., 1894. 

AddreaB  unknown. 

Totten,  GeorKe  Oakley,  Jr.,  Ph.  B.,  (1892) 1891. 

63  North  Eleventh  Street,  Newark,  N.  J. 

Toaoey,  Donald  Butler,  LL.  B.,  £.  M., 1882. 

743  Madiaon  Avenue,  New  York  City. 

Towart,  Jamea,  C.  E., 1892. 

Box  296,  Peekskill,  N.  Y. 

Trowbridge,  Samuel  Breck  Parkman,  A.  B.,  Ph.  B.,  .    1886. 

Architect,  7  East  Forty-sixth  Street,  New  York  City. 

Tubby,  J.  T.,  Jr.,  Ph.  B., 1896. 

67  Willow  Street,  Brooklyn,  N.  Y. 

Tucker,  Allen,  Ph.  B., 1888. 

80  Washington  Square  E.,  New  York  City.  . 

Tucker,  John  Henry,  Ph.  B.,  Ph.  D., 1875. 

Globe  Smelting  and  Refining  Co.,  Denver,  Colo. 

Tuttle,  W.,  Ph.  B., 1893. 

520  Summer  Avenue,  Newark,  N.  J. 

Tuttle,  William  W.,  E.  M., 1867. 

Springfield,  Mo. 

Uhlig,  Wm.  C,  Ph.,  B., 1896. 

229  E.  12th  Street,  N'e^  York  City. 

Van  Benthuysen,  Boyd,  Ph.  B., 1896. 

Albany,  N.  Y. 

Van  Boskerok,  Robert  Ward,  E.  M., 1877. 

Artist,  58  West  Fifty-seventh  Street,  New  York  City. 

Van  Brunt,  Arthur  Hoffman,  Ph.  B., 1886. 

Architect,  54  Wall  Street,  New  York  City. 

Van  Ingen,  Dudley  Arthur,  Ph.  B., 1892. 

135  Henry  Street,  Brooklyn,  N.  Y. 

Van  Lennep,  David,  E.  M., 1868. 

Auburn,  Placer  County,  Cal.     Fruit  ranch. 

VanGelder,  A.  P.,  Ph.  B., 1896. 

Catskill,  N.  Y. 

Van  Vlech,  Jos.,  Jr.,  Ph.  B., 1896. 

Montclaire,  N.  J. 

Vanderbilt,  W.  D.,  C.  E., 1894. 

44  Monroe  Place,  Brooklyn,  N.  Y. 
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-ratable,  J/J.,  Ph.  B., 1894. 

89  Water  Street,  New  York  City. 

Wainwright,'RiohatdTighe,  C.  E.,    .        .      * 1890. 

Rye,  N.  Y. 

Wallace,  WiUiam  J.,  Ph.  B., 1886. 

Whitestone,  N.  Y. 

Wallbridge,  Frederick  Kidder,  E.  M., 1884. 

37  Ninth  Aveniie,  Brooklyn  N.  Y. 

Walker,  Joseph,  Jr.,  C.  E., 1880. 

112  East  ThirtyHseventh  Street,  New  York  City. 

Wanier,  AlbertlGeorge,  Ph.  D 1882. 

Kreiaherville,  Staten  Island,  N.  Y. 

Ward,  Norbert  Reillieux,  E.  M., 1882. 

Morgan  Fnm.  Co.,  1180  Broadway,  New  York  (;ity. 

Ware,  F.  B.,  Ph.  B., 1894. 

1285  Madison  Avenne,  New  York  City. 

Warren,  Charles  Peok,  Ph.  B.,  A.  M.  (1892), 1890. 

286  CHfton  Place,  Brooklyn,  N.  Y. 

Warren,  Lloyd,  Ph.  B., 1891. 

520  Fifth  Avenue,  New  York  City. 

Waterbnry,  Cornelius  Reed,  C.  L.,  C.  E.,  LL.  B., 1877. 

Lawyer,  45  Broadway,  New  York  City. 

Waters,  George  Safford,  Ph.  B., 1889. 

Architect,  Andrews,  Waters  &  Sherwin,  42  W.  Forty-third  St.  N.  Y.  City. 

Webb,  Heniy  Walter,  E.  M.,  LL.  B. .    1873. 

Third  Vice-President,  N.  Y.  C.  &  H.  R.  R.  R.,  and  15  West  Forty-seventh 

Street,  New  York  City. 
Trells,  D.  C,  £.  £.,  A.  B.,         ••.......     1896. 

109  Willow  Street,  Brooklyn,  N.  Y. 

Wels,  Paul  O.,  E.  M.,  B.  S., 1887. 

Boston  &  Montana  Co.,  Great  Falls,  Mont. 

Welsh,  Howard  Farrington,  E.  M., 1890. 

Mingo  Mountain  Coal  and  Coke  Co.,  Hartranft,  Tenn. 

Werner,  Henry  Clay,  Ph.  B.,     . 1892. 

120  East  Sixty-fifth  St.,  New  York  City. 

Wetmore,  Edwin  Atwater,  E.  M., 1875. 

Iron  Merchant,  Marquette,  Mich. 

Wheatley,  Joseph  Yendes,  C.  E., 1886. 

Whitesboro,  N.  Y. 

White,  Wm.  Sherf,  E.  M., 1882. 

430  Gold  Street,  Brooklyn,  N.  Y. 

Whitman,  Edmund  Pineo,  E.  M., 1885. 

50  Beacon  Street,  Boston,  Mass. 

Williams,  Frederick  Harrison,  E.  M., 1874. 

Riverside  Iron  Works,  and  34  Virginia  Street,  Wheeling,  W.  Va. 

Wilson,  Clarence  Edgar,  Ph.  B., 1886. 

Address  unknown. 

Windecker,  Qifton  Nicholas,  C.  E., 1892. 

33  Sidney  Place,  Brooklyn,  N.  Y. 

Witherel,  Chas.  S.,  Met.  E., 1896. 

Greenwich,  Conn. 
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Wood,  George  E.,  E.  M.,  Ph.  B., 1884. 

Architect;,  63  William  Street,  New  York  City. 

Woodruff,  Geo.  W.  L.,  Ph.  B.,  E.  E., 1896. 

27  East  22d  Street,  New  York  City. 

Wright,  Albert  Allen,  A.  M.,  Ph.  B., 1875, 

Professor  of  Geology  and  Natural  History,  Oberlin  Collie,  Oberlin,  Ohio. 
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Alabama.— ^«nry  Ellen,  J.  J.  Onnsbee ;  Tusealowa,  S.  Friedman. 
Arizona — Congress,  W.  F.  Staunton ;  Harqua  Hala,  R.  M.  Raymond  ; 

Fearee,  G.  F.  Reckhart. 
California.  Sodie,  R.  G.  Brown ;  Las  Angeles,  W.  F.  Brugman  ;  Napa^ 

CUy,  E.  Goodwin ;  FaU)  Alto,  L.  R.  Lenox ;  San  Francisco,  L.  C. 

Easton,  D.  E.  Mellis,  B.  C.  Van  Blarcom ;  Selby,  E.  N.  Engelhardt ;: 

Stockton,  E.  F.  Haas. 

Colorado — Aspen,  C.  W.  Miller;  Boulder,  B.  C.  Hinman;  Colorado- 
Spnngs,  W.  E.  Newberry ;  Crested  Butte,  Frederick  Bayles ;  Onpple 
Creek,  F.[C.;Hamilton ;  Denver,  H.  V.  F.  Furman,  M.  W.  lies,  C. 
F.  Lacombe,*B.  B.  Lawrence,  G.  A.  Schroter,  T.  B.  Steams,  F.  M. 
Thomas,  E.  N.  Van  Cortlandt,  T.  F.  Van  Wagenen ;  Durango,  E.  J. 
H.  Amy;  Qlenwood  Springs,  W.  B.  Devereux;  LeadvUU,  Geo.  B. 
Lee,  E.  H.  Messeter ;  Fueblo,  A.  S.  Dwight,  E.  C.  Eddy,  H.  E. 
Filers,  M.  B.  Holt ;  State  College,  M.  C.  Ihlseng ;  TeUuride,  T.  F. 
Van  Wagenen. 

Connecticut — Collinsville,  W.  HiU. 

Delaware — WUmingUm,  H.  G.  Haskell. 

District  of  Columbia.— ITod^tn^on,  E.  C.  Barnard,  J.  S.  Cox,  Jr.,  E. 
M.  Douglas,  A.  W.  Dow,  H.  W.  Durham,  W.  T.  Griswold,  H.  Hol- 
lerith, F.  W.  Tower,  W.  H.  Weed,  B.  Willis,  H.  M.  Wilson. 

Georgia.— &rannaA,  D.  B.  Falk. 

Illinois — Carthage,  J.  C.  Ferris ;  Chicago,  E.  G.  Barratt,  S.  S.  Fowler, 
H.  L.  Hollis,  C.  L.  Miller,  S.  B.  Peck,  F.  B.  F.  Rhodes,  W.  H.  Van 
Arsdale,  L.  Wampold  ;  Aurora,  F.  H.  Jobbins. 

Idaho.— .Jfaacoii;,iE.  Goodwin  ;  Eocky  Bar,  E.  C.  Koch. 

Indiana.— .JndiaTiapo^M,  B.  J.  T.  Jeup ;  Muncie,  J.  R.  Marsh. 

Indian  Territory — Hartshorn,  E.  Ludlow. 

Iowa.— 2>arenpori,[F.  P.  Bemis,  E.  Gudeman ;  OUumwa,  S.  S.  Rice. 

Kansas. — Argentine,  H.  Gktriichs. 

Louisiana.— iViffu;  Orleans,  A.  L.  Black,  G.  S.  Eastwick,  E.  P.  Eastwick, 

riaryland — BaUimore,  A.  L.  Walker ;  Olencoe,  E.  A.  McCulloh. 

flassachusetts — Boston,  Francis  Blossom,  C.  R.  Harte,  A.  J.  Malu- 
koff ;  Cambridge,  J,  A.  Noyes ;  New  Bedford,  N.  Hathaway,  W.  F» 
Williams  ;'<§)rtn^JJeZd,  L.  J.  Powers. 

flichigan. — Houghton,  R.  M.  Edwards,  F.  McM.  Stanton  ;  Marquette^ 
R.  A.  Parker ;  Trenton,  E.  D.  Church ;  VvXcan,  W.  Kelley. 

ilinnesota. — Minneapolis,  W.  R.  Appleby,  F.  W.  Denton ;  Soudon,  C. 
B.  Crowell. 

nissouri — Carthage,  A.  O.  Ihlseng ;  De  Soto,  O.  M.  Munroe ;  Foplar 
Bluff,  E.  A.  Harris ;  St.  Louis',  W.  B.  Potter,  E.  Starek,  A.  Thacher, 
H.  A.  Wheeler. 

Montana. — Bozeman,  F.  W.  Traphagen ;  Butte,  F.  Sands  ;  Great  FallSy 
F.  Kleptko ;  Helena,  W.  H.  Aldridge,  H.  M.  Cole,  P.  A.  L.  Mann- 
heim, J.  R.  Parks,  C.  F.  Pearis ;  Smeller,  A.  F.  Emrich,  F.  M.  Smith* 
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Nevada.— Detonwr,  R.  Nichols. 

New  Jersey.— JJayonwe,  C.  P.  Bleecker ;  Bfoomfield,  N.  Butler,  Jr. ;  Do- 
ver, F.  A.  Canfield;  Englewood,  W.  W.  Burritt;  Fart  Lee,  C.  G. 
Massa ;  High  Bridge,  C.  Le  BoutiUier  ;  Jersey  City,  J.  B.  Binion,  W. 
F.  Downs ;  P.  C.  Mcllhiney,  H.  Pinkham,  R.  H.  Yondy ;  Mama- 
roneck,  F.  P.  Smith ;  Maurer,  C.  H.  Joiiet ;  Morristown,  J.  R.  Brin- 
ley,  J.  P.  Pennington,  J.  F.  Randolph ;  Newark,  H.  G.  Atha,  C.  A. 
Oolton,  0.  E.  GrafT,  A.  W.  Jenk,  F.  W.  Kinsey,  Jos.  Lowenstine, 

E.  Merz,  H.  M.  Murphy,  G.  C.  Stone,  F.  Yanderpoel,  E.  Waller, 
W.  Wiener  ;  New  Brurwwick,  A.  H.  Chester,  W.  D.  Home ;  Orange, 
R.  K.  Mosley ;  PaiBoic,  E.  W.  Guiterman ;  Paterwm,  L.  D.  Hun- 
toon ;  Perth  Amboy,  D.  F.  Haasis,  A.  F.  Schneider ;  Plainfield,  F. 
A.  Cokefair ;  Princeton,  H.  B.  Cornwall ;  S(yiUh  Orange,  E.  D.  Self ; 
Trenton,  J.  H.  Janeway,  F.  E.  Pierce ;    Waverly,  A.  C.  Langmuir. 

New  York.—Albany,  F.  J.  H.  Merrill;  Brooklyn,  R.  L.  Allen,  P.  T.  Aus- 
ten, G.  W.  Behrman,  G.  Berry,  F.  Blossom,  D.  D.  Book,  G.  H. 
Caaami\jor,  J.  S.  Cox,  E.  P.  Clark,  J.  T.  Corcoran,  J.  A.  Deghn^e, 

F.  D.  Dodge,  H.  W.  Durham,  W.  L.  Dusenberry,  L.  G.  Engle,  E. 
P.  Folger,  A.  D.  Granger,  S.  A.  Goldschmidt,  W.  A.  Herken wrath, 
J.  M.  Hewlett,  E.  D.  Hurlburt,  F.  S.  Hyde,  W.  D.  Jones,  F.  Ly- 
man, J.  H.  Merrett,  W.  M.  Meserole,  J.  Middleton,  J.  Nesmith,  T. 
S.  Perkins,  F.  E.  Pierce,  W.  E.  Preston,  H.  A.  Prosser,  A.  J.  Pro- 
vost, C.  B.  Rowland,  G.  Rowland,  R.  Seldver,  W.  W.  Share,  L.  R. 
Shattuck,  E.  Skinner,  G.  C.  Southard,  G.  A.  Tibbals,  S.  G.  Tibbals, 
W.  L.  Tyler,  W.  B.  Vanderbilt,  E.  Van  Dyck,  G.  J.  Volckening, 
E.  R.  Von  Nardroff,  H.  V.  Walker ;  Buffalo,  E.  L.  Ingram  ;  Gaze- 
novia,  H.  Burden,  2d ;  Clifton,  F.  R.  Lord  ;  Clinton,  C.  H.  Smyth  ; 
Flushing,  M.  T.  Bogert ;  Laurel  Sill,  W.  C.  Ferguson  ;  Locust  Val- 
ley, L.  H.  Vaile  ;  New  Brighton,  A.  Hollick,  W.  B.  Johnson  ;  New 
BocheUe,  L.  P.  De  Luze,  F.  P.  Smith ;  New  York  City,  F.  E.  Agra- 
monte,  S.  W.  Andrews,  L.  A.  Ansbacher,  A.  Anthony,  S.  W.  Balch, 
W.  M.  Baldwin,  J.  H.  Banks,  L.  H.  Barnett,  G.  S.  Baxter,  Chas. 
A.  Bechstein,  A.  L.  Beebe,  W.  L.  Benedict,  F.  P.  Benjamin,  M. 
Benjamin,  S.  D.  Benoliel,  W.  G.  Berry,  J.  R.  Bien,  A.  Black,  E.  M. 
Blake,  O.  Bodelsen,  W.  Boecklin,  Jr.,  S.  Bookman,  R.  E.  Booraem, 
R.  C.  Boyd,  S.  R.  Bradley,  N.  L.  Britton,  H.  D.  Brewster,  F.  X. 
Brosnan,  F.  G.  Brown,  W.  Bryce,  C.  R.  Buckley,  A.  L.  Bums,  E. 
R.  Bush,  N.  Butler,  W.  P.  Butler,  L.  B.  Cady,  A.  Caiman,  E.  P. 
Casey,  J.  P.  Carson,  J.  B.  Cauldwell,  C.  F.  Chandler,  J.  P.  Chan- 
ning,  J.  A.  Church,  A.  J.  Clark,  Edmund  Clark,  G.  H.  Clark,  C.  E. 
Colby,  S.  B.  Colt,  H.  C.  Comwall,  F.  B.  Croker,  A.  R.  Cushman, 
H.  G.  Darwin,  C.  H.  Davis,  J.  W.  Davis,  J.  A.  Deghuee,  A.  F.  Dela- 
field,  Chas.  J.  Derleth,  C.  F.  Dolan,  H.  E.  Donnelly,  J.  S.  Douglas, 
Charles  Drasel,  D.  Le  R.  Dresser,  I.  W.  Drummond,  E.  K.  Dun- 
ham, B.   H.  Dutcher,  W.   G.  Eberhardt,  T.  Egleston,  A.  H.  El- 
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liott,  W.  Elliott,  L.  V.  Emanuel,  I.  N.  Evans,  G.  E.  Fahys, 
P.  Le  R.  Fearn,  G.  F.  Ferrer,  H.  Feucfatwanger,  W.  Fisher,  F. 
W.  Floyd,  B.  O.  Foster,  A.  E.  Foy6,  J.  W.  Frank,  W.  H.  Freedman, 
8.  D.  Gifibrd,  A.  C.  Gildersleeve,  S.  A.  Qoldschmidt,  E.  B.  Gosling, 
L.  P.  Gratacap,  A.  D.  Granger,  J.  L.  Greenleaf,  8.  P.  Griffin,  L.  N. 
Gross,  £.  Gademan,  E.  W.  Gaiterman,  L.  F.  Haffen,  A.  W.  Hale, 
B.  W.  Hall,  A.  P.  Hallock,  A.  W.  Hankinson,  B.  C.  Hanson,  G.  E. 
Harding,  O.  B.  H6bert,  A.  M.  Heinsheimer,  H.  H.  Hendricks,  W.  E. 
Hildreth,  F.  N.  Holbrook,  E*  C.  Holden,  E.  H.  Holden,  W.  A. 
Hooker,  F.  *  F.  Hunt,  F.  B.  Hutton,  H.  8t.  J.  Hyde,  O.  Jackson, 

D.  M.  Jacobs,  8.  J.  Jacobs,  G.  P.  Garr,  J.  G.  Kastner,  J.  F.  Kemp, 
G.  T.  Kirby,  H.  8.  Kissam,  E.  G.  Koch,  J.  J.  Koen,  W.  B.  Kunhardt, 
J.  Lahey,  J.  8.  Langthom,  D.  G.  Leary,  G.  Leary,  E.  J.  Lederle, 
A.  B.  Liedoux,  A.  L.  Levy,  E.  W.  Libaire,  A.  Liebmann,  Henry 
Lipps,  Jr.,  W.  P.  Little,  A.  B.  Livingston,  E.  G.  Love,  Frank 
Ludlam,  L.  McI.  Luquer,  T.  T.  P.  Luquer,  G.  Lusk,  B.  G.  Mc- 
Gaffery,  G.  F.  McKenna,  B.  A.  McKim,  J.  Maclay,  H.  T.  MacKaye, 

A.  8.  Mahony,  L.  F.  Massa,  B.  E.  Mayer,  G.  8.  McLoughlin,  H.  G. 
Mannheim,  L.  Marie,  E.  W.  Martin,  L.  F.  Massa,  F.  G.  A.  Meisel, 
H.  H.  B.  Meyer,  E.  H.  Miller,  B.  P.  Miller,  J.  T.   Monell,  M. 

B.  Montenegro,  D.  E.  Moran,  W.  F.  Morgan,  B.  K.  Mosley,  A.  J. 
Moses,  Bobert  Mulford,  George  Muller,  H.  8.  Munroe,  G.  E.  Mun- 
sell,  J.  G.  Murphy,  K.  Neftel,  William  Newbrough,  D.  H.  Norris, 

E.  L.  Newhouse,  A.  G.  Nye,  M.  J.  O'Gonnor,  T.  D.  O'Gonnor, 
Gharles  Of,  E.  E.  Olcott,  Max  Osterberg,  F.  N.  Owen,  A.  McG. 
Parker,  H.  G.  Parker,  G.  F.  Parraga,  Henry  Parsons  W.  B.  Par- 
sons, G.  Q.  Payne,  Bobert  Peele,  G.  E.  Pellew,  C.  P.  Pengnet,  Geo. 
Perrine,  J.  P.  Pennington,  W.  Pistor,  L.  Pitkin,  H.  H.  Porter,  Jr., 
A.  8.  Post,  A.  V.  Z.  Post,  Ff  Powell,  W.  E.  Preston,  J.  G.  F.  Ban- 
dolph,  B.  Baynor,  8.  A.  Beed,  J.  K.  Bees,  G.  Benault,  J.  M.  Bich, 
P.  de  P.  Bicketts,  T.  W.  Bidsdale,  H.  Bies,  Ghas.  Bodenburg,  F. 
Boeser,  O.  L.  Bogers,  A.  Bosenthal,  P.  Bupp,  F.  M.  Butherford,  F. 
Buttman,  A.  M.  Byon,  E.  E.  8age,  F.  A.  8chermerhorn,  W.  J. 
8chiefflein,  J.  L.  Schroeder,  G.  H.  8chumann,  G.  D.  8earle,  J.  G. 
8eligman,  John  8eward,  F.  D.  8herman,  H.  T.  8hriver,  F.  M. 
8imonds,  A.  Smith,  L.  Smith,  W.  A.  Smith,  W.,  F.  Smith,  T.  E. 
Snook,  A.  N.  Spooner,  J.  H.  Stewart,  J.  Struthers,  G.  A.  Suter, 
J.  B.  Taylor,  H.  G.  Thompson,  W.  H.  Titus,  E.  DeV.  Tompkins, 
G.  F.  Townsend,  G.  F,  D.  Trast,  G.  B.  Tuska,  E.  G.  Tuttle,  A.  H. 
Van  Sinderin,  E.  Van  Volkenburgh,  H.  T.  Vulte,  J.  H.  Wainwright, 
W.  H.  Weeks,  H.  McM.  Welsh,  J.  8.  G.  Wells,  William  Y.  Wester- 
velt,  B.  D.  White,  T.  G.  White,  H.  P.  Whitlock,  F.  G.  Wiechmann. 
J.  T.  Williams,  G.  A.  Wittmack,  I.  H.  Woolson,  E.  L.  Young; 
Niagara  Falls,  E.  Z.  Burns,  W.  8.  Humbert;  Northpart,  W.  H.  In- 
gersoU ;  Ontario,   E.   M.   Parrot ;  Oyster  Bay,  D.   Le  B.   Dresser; 
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Poughket^me,  A.  E.  Tower ;  Bochesier,  H.  P.  Gillette,  T.  Nolan  ; 
JEUmdout,  EdwBrd  Coykendall ;  Schenectady,  M.  L.  Mora ;  Sing  Sing, 
W.  S.  FAge  ;  SmUh^town,  J.  H.  B.  Browning ;  S^yten  Duyvil,  E.  M. 
Johnson,  G.  H.  Johnson,  I.  B.  Johnson,  L.  B.  Longacre ;  SteUen 
leland,  G.  F.  D.  Trask ;  StirUngton,  Wm.  Clark ;  Syrcumse,  H.  B. 
Bellinger,  W.  N.  Taintor ;  Tarrytwm,  F.  N.  Holbrook,  L.  B.  Long- 
acre  ■;  Ticonderoga,  F.  C.  Hooper  ;  Tuxedo  Park,  E.  N.  Van  Cort- 
landt ;  Utica,  G.  W.  Williams ;  Weetchester,  T.  H.  Harrington  ; 
West  Nyack,  6.  O.  Miller  ;  WhiU  Plains,  B.  E.  Blade ;  Whitestone, 
W.  J.  Wallace,  D.  W.  Ward;  WhitesUme  Landing, -H,  D.  Godley, 
Jr.;  Yankers,  S.  W.  Balch,  W.  D.  Home. 

North  Carolina — Charlotte,  S.  W.  Cramer,  G.  B.  Hanna ;  Wilmington, 

F.  S.  Clark. 

Ohio. — Cincinnati,  David  Foerster,  C.  B.  Going ;  Cleveland,  R.  F.  Jop- 
ling,  B.  B.  Watson ;  Marietta,  C.  G.  Slack ;  Sandusky,  S.  B.  New- 
burg. 

Pcnnsy\yanla.-^AllegKeny,  G.  H.  Singer,  L.  Wertheimer ;  Ambler,  E. 
Luttgen ;  Apollo,  T.  M.  Hopke ;  South  Bethlehem,  A.  L.  Colby ; 
Chambersburg,  T.  J.  Brereton  ;  McKeesport,  T.  Tonbel^  ;  New  Boston, 
J.  E.  Jones ;'^<n(;  Castle,  E^  L.  Kurtz;  Osceola  Mills,  G.  McC.  H. 
Good ;  Philadelphia,  E.  A.  Congdon,  B.  Lahey,  S.  M.  Lillie,  Charles 
Piez ;  Pittsburg,  J.  S.  Cox,  W.  L.  McConway,  R.  G.  G.  Moldehnke, 

G.  S.  Page,  C.  A.  Painter,  G.  E.  Painter,  G.  Singer,  Jr.;  Scranton, 
J.  T.  Beard;  Wilkesbarre,  Mac  Dobbins,  R.  V.  A.  Norris ;  Wyncote, 
E.  Luttgen. 

Rhode  Island. — Providence,  Carl  Barus. 

Tennessee. — GaUatin,  A.  J.  Lamb. 

Texas — Eagle  Pass,  W.  Hollins ;  Shafter,  W.  S.  Noyes. 

Utah. — Jensen,  A.  G.  Johnson ;  Sandy,  L.  H.  Norton ,  Salt  Lake  City, 
T.  S.  Mathias,  R.  H.  Terhune,  W.  A.  Wilson. 

West  Virginia.— JFVanHtn,  T.  W.  Osterheld. 

Wisconsin.— ^ur%,  G.  H.  Abeel. 

Wyoming.— /JawKrw,  C.  E.  Blydenburgh. 

Washington.— ^i7<?r^,  W.  C.  Butler ;  Tacoma,  G.  F.  Milliken ;  Spo- 
kane, J.  L.  Warner. 
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OUT  OF  THE  UNITED  STATES. 

AFRICA. 

South  Africa  Republic-Johannesburg,  B.  P.  Carter,  T.  H.  Leggett,. 
H.  C.  Mannheim,  E.  D.  Self,  F.  M.  Watern,  E.  A.  Wilteie. 

ASIA. 

Japan— ToHo,  E.  L.  Young. 

AUSTRALIA. 
Kalsoorlie.— J.  R.  M.  Raymond. 
New  South  Wales.— Randolph  Adams. 
Pdrt  PIrie — H.  W.  Leavena. 

GREAT  BRITAIN. 
London — C.  M.  Rolker. 

NORTH  AHERICA. 

Canada — Nelson,  B.  C,  S.  S.  Fowler;  Northp<yrt,  B,  C,  E.  H.  Wede-^ 
kind ;  Montrealj  C.  E.  Gudewill,  J.  B.  Porter ;  Nova  Scotia,  London- 
derry, C.  A.  Meissner ;  Quebec,  R.  D.  Rhodes. 

SOUTH  AilERICA. 
Brazil. — Bio  de  Janeiro,  John  GK>rdon. 

Republic  of  Columbia — MedeUin,  C.  C.  Restrepo;  Tumaeo,  W.  B.. 
McKinley,  L.  Whiting. 

CENTRAL  AMERICA. 

Cuba. — Clardenas,  D.  L.  Clark  ;  Oienfuegos,  A.  C.  Fowler. 

Guatemala — Quezaltenang,  J.  F.  Hawley. 

Honduras — Tegucigalpa,  E.  C.  Fiallos. 

lAexlco.— Chihuahua,  T.  S.  Austin,  G.  B.  Lee ;  City  of  Mexico,  V.  M. 

Braschi;  Coahuila,  E.  L.  Dufourcq,  Gomez  Farias;  Sinaloa,  A.  E.. 

Swain ;  Tapachula  Chiopas,  J.  A.  Navarro ;  Concepdon  del  Oro,  A. 

W.  Lilliendahl,  F.  A.  Lilliendahl ;  Hidalgo,  E.  C.  Van  Blarcom  ;. 

Monterrey,  E.  Howe  ;  Puebla,  T.  W.  Osterheld  ;  Zacatecas,  R.  Yeizar.. 
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CONSTITUTION 

OF  THE 

ASSOCIATION  OF  THE  ALUMNI 

OF  THE 

School  of  Mines  of  Columbia  College. 


INCORPORATED  MAY,  1886. 


ARTICLE  I. 

NAME. 

THE-name  of  this  Association  is  ^^  The  Association  of  the  Alumni 
of  the  School  of  Mines  of  Columbia  College." 

ARTICLE  IL 

OBJECT. 

The  object  of  this  Association  is  to  promote  the  professional  wel- 
fare of  its  members,  and  to  strengthen  the  bonds  of  professional  and 
social  fellowship  among  the  Alumni  of  the  School  of  Mines. 

ARTICLE  III. 

MEMBERS. 

Section  1 .  The  membership  of  this  Association  shall  be :  I. 
Active.     II.  Associate.     III.  Honorary, 

Sec.  2.  All  graduates  of  the  School  of  Mines  are  eligible  to  ac- 
tive membership  in  this  Association. 

Sec.  3.  Persons  who  have  completed  any  of  the  special  or  grad- 
uate courses  of  the  School  of  Mines  are  eligible  to  associate  member- 
ship in  this  Association. 

Sec.  4.  Persons  eminent  in  science  who  are  or  have  been  con- 
nected with  the  School  of  Mines  Are  eligible  to  honorary  membership 
in  this  Association. 

Sec.  5.  All  members  shall  be  elected  by  the  Association  upon 
proposal  by  the  Board  of  Managers. 

Sec.  6.  Honorary  and  associate  members  shall  have  all  the  privi- 
leges of  active  members,  except  those  of  voting  and  holding  ofKce. 
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ARTICLE  IV. 

DUES. 

Sec.  1.  The  annual  dues  of  active  and  associate  members  of 
tlus  Association  shall  be  three  dollars,  payable  in  advance  on  the 
first  day  of  October  in  each  year.  Honorary  members  shall  not 
be  required  to  pay  dues. 

Sec.  2.  Any  member  not  in  arrears  may  become  a  life  member, 
and  be  relieved  from  further  payment  of  annual  dues  by  the  pay- 
ment, at  any  one  time,  of  fifty  dollars. 

Sec.  8.  Members  one  year  in  arrears  may,  after  due  notification, 
be  dropped  from  the  roll,  by  vote  of  the  Board  of  Managers,  and 
shall  then  forfeit  their  rights  and  privileges  in  the  Association  until 
all  arrears  are  paid,  or  until  reinstated  by  the  Board. 

Sec.  4.  Only  those  members  not  in  arrears  shall  be  entitled  to 
vote  or  hold  office. 

ARTICLE  V. 

OFFICERS   AND   MANAGERS. 

Sec.  1.  The  officers  of  the  Association  shall  be  a  President,  a 
Vice-President,  a  Treasurer,  and  a  Secretary.  These  officers  and 
eight  managers,  to  be  elected  as  hereinafter  provided,  shall  consti- 
tute the  Board  of  Managers. 

Sec.  2.  The  President,  Vice-President,  Treasurer  and  Secretary 
shall  hold  office  for  one  year,  and  are  eligible  for  re-election.  The 
Managers  shall  hold  office  for  two  years,  and  are  not  eligible  for 
re-election  until  one  year  after  the  expiration  of  their  terms. 

ARTICLE  VI. 

ELECTION   OF   OFFICERS   AND  MANAGERS. 

Sec.  1.  Before  the  last  day  of  June  of  each  year  the  President 
shall  appoint  a  committee  of  five  active  members  to  nominate 
for  election  by  the  Association  for  the  ensuing  year  a  President,  a 
Vice-Pi-esident,  a  Treasurer,  a  Secretary  and  four  Managers. 

Sec.  2.  The  Nominating  Committee  must  send  in  the  nomina- 
tions to  the  Secretary  not  later  than  October  15th  of  each  year, 
and  such  nominations  shall  be  distributed  at  once  to  the  active 
members  in  the  form  of  letter  ballots,  which  must  be  signed  and 
forwarded  to  the  Secretary,  and  opened  and  counted  by  tellers  at 
the  annual  meeting  of  the  Association. 
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Sec.  3.  The  officers  aiid  mamagertf  must  be  residents  of  New- 
York  city  or  vicinity,  and  the  four  managers  shall  he  selected,  one 
from  each  of  the  four  groups  into  which  the  Board  of  Managers 
shall,  at  its  first  meeting  in  each  year,  divide  in  chronological  order 
the  classes  which  have  graduated  from  the  School  of  Mines. 

ARTICLE  VII. 

THE   BOABD   OF  MANAGERS. 

Sec.  1.  The  Board  of  Managers  shall  have  the  management  of 
the  affairs,  funds  and  property  of  the  Association,  and  it  shall  be 
the  duty  of  the  Board  to  see  that  the  purposes  of  the  Association 
are  carried  out  according  to  its  Constitution  and  By-Laws. 

Sec.  2.  The  Board  of  Managers  shall  hold  at  least  four  regular 
meetings  during  each  year,  namely,  in  the  months  of  January,  May^ 
October  and  December.  Other  meetings  shall  be  called  by  the 
President  as  may  be  required. 

Sec.  3.  The  Board  shall  have  power  to  fill  any  vacancy  in  its 
body  by  the  election  of  an  active  member  of  the  Association  from 
the  group  in  which  such  vacancy  occurs. 

Sec.  4.  A  quorum  shall  consist  of  a  majority  of  the  whole  Board. 

ARTICLE  VIII. 
president. 

It  shall  be  the  duty  of  the  President  to  call  and  preside  at  all 
meetings  of  the  Board  of  Managers  and  of  the  Association;  to 
appoint. such  jstanding. and  other  committees  of  the  Association  as 
may  be  found  necessary  or  convenient  for  the  conduct  of  its  work^ 
and  to  perform  such  other  duties  as  may  develop  upon  him  by 
virtue  of  his  office. 

ARTICLE  IX. 

TREASURER. 

It  shall  be  the  duty  of  the  Treasurer  to  collect  and  have  cus- 
tody of  all  moneys  and  pay  all  bills  of  the  Association,  but  no 
indebtedness  shall  be  incurred  unless  approved  by  the  Board  of 
Managers.  No  bill  shall  be  paid  unless  previously  endorsed  by 
the  Secretary.  The  Treasurer  shall  present  to  the  Board  of  Man- 
agers a  written  report  upon  the  financial  condition  of  the  Associa- 
tion at  the  annual  meeting  in  December.  His  accounts  shall  be 
audited  by  a  committee  of  the  Association  appointed  at  the  annual 
meeting. 
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ARTICLE  X. 

SECRETARY. 

It  sliall  be  the  duty  of  the  Secretary  to  issue  notices  for  all  meet- 
ings of  the  Board  of  Managers  and  of  the  Association,  to  keep 
minutes  of  all  meetings,  to  record  the  names,  addresses,  and  pro- 
fessional occupations  of  the  members,  and  to  perform  such  other 
duties  as  may  be  assigned  to  him  by  the  Board  of  Managers. 

ARTICLE  XL 

DELEGATES  TO   UNIVERSITY   ALUMNI   COUNCIL. 

This  Association  shall  be  represented  in  the  University  Alumni 
Council  of  Columbia  University  by  delegates  appointed  by  the  Board 
of  Managers,  under  such  conditions  and  in  such  manner  as  the  said 
Board  shall  prescribe. 

ARTICLE  XII. 

MEETINGS. 

Section  1.  The  annual  meeting  of  the  Association  shall  be  held 
in  the  last  week  of  December  in  each  year,  unless  otherwise  ordered 
by  the  Board  of  Managers. 

Sec.  2.  Regular  meetings  of  the  Association  for  social  inter- 
course, or  for  the  discussion  of  subjects  of  general  or  of  profes- 
sional interest,  shall  be  held  in  the  city  of  New  York  at  such  time 
and  place  as  may  be  directed  by  the  Board  of  Managers. 

Sec.  3.  tJpon  the  written  request  of  not  less  than  ten  active 
members,  the  President  shall  call  a  special  meeting  of  the  Associa- 
tion, which  request,  as  also  the  notice  of  any  special  meeting,  shall 
state  the  object  for  which  the  meeting  is  called. 

Sec.  4.  A  quorum  shall  consist  of  thirty  active  members  of  the 
Association. 

ARTICLE  XIII. 

SUSPENSION   OR   EXPULSION. 

Any  member  of  the  Association  may  be  suspended  or  expelled 
for  misconduct  in  his  relations  to  this  Association  or  in  his  profes- 
sion on  proof  thereof  in  such  manner  as  may  be  prescribed  here- 
inafter  by  By-kws. 

ARTICLE  XIV. 

All  interest  in  the  property  of  the  Association  of  persons  resign- 
ing or  otherwise  ceasing  to  be  members  shall  vest  in  the  Associa- 
tion. 
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ARTICLE  XV. 

AMENDMENTS. 

Any  amendment  to  the  Constitution  must  first  be  submitted  in 
writing  to  the  Board  of  Managers,  and  must  be  approved  by  a  vote 
of  two-thirds  of  the  whole  Board  before  presentation  to  the  Associa- 
tion. Due  notice  of  any  proposed  amendment  shall  be  sent  by  the 
Board  of  Managers  to  every  active  member  of  the  Association  at 
least  one  month  previous  to  the  meeting  at  which  such  amendment 
is  to  be  voted  upon.  A  three-fourths'  vote  of  the  members  voting, 
in  person  or  by  letter  ballot,  shall  be  necessary  for  the  adoption  of 
such  proposed  amendment. 

BY-LAWS. 

I.  Unless  otherwise  directed  the  Order  of  Business  at  any  meet- 
ing of  the  Association  and  its  Board  of  Managers  shall  be  as  fol- 
lows : 

1.  Beading  of  minutes  of  preceding  meetings  and  action 

thereupon. 

2.  Report  of  the  Board  of  Managers. 

3.  Reports  of  officers. 

4.  Reports  of  standing  committees. 

5.  Reports  of  special  committees. 

6.  Elections  and  announcement  of  elections. 

7.  Unfinished  business. 

8.  New  business. 

9.  Appointment  of  committees. 
10.  Adjournment. 

II.  The  absence  of  any  member  of  the  Board  of  Managers  from 
two  consecutive  meetings  of  the  same,  of  which  he  shall  have  been 
regularly  notified,  shall  be  considered  as  a  resignation  on  the  part 
of  such  member,  unless  the  Board  shall  excuse  such  absence.  The 
vacancy  thus  created  shall  be  fUled  as  provided  for  in  the  Constitu- 
tion. 

III.  The  Standing  Committees  of  the  Board  of  Managers  shall 
be  as  follows : 

1.  On  School  of  Mines  Quarterly. 

2.  On  Badges. 

3.  On  Meetings  of  the  Association. 
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4.  Of  Conference  with  the  Columbia  Colli^;e  Alnmni  Abso- 
ciation,  and  such  other  Committees  as  may  be  necessary. 
All  such  eonunittees  shall  be  at  the  expiration  of  their  terms  of 
office,  present  written  reports  to  the  Board  of  Managers. 

IV.  The  official  organ  of  this  organization  shall  be  the  School 
OF  Mines  Quabterlt,  which  wiU  be  furnished  to  all  active  and 
associate  members. 

V.  The  Standing  Conunittee  on  Meetings  shall  arrange  for 
regular  meetings  of  the  Association  in  October  and  March  of  each 
year  unless  otherwise  ordered  by  the  Board  of  Managers. 

YI.  These  By-Laws  may  be  amended  at  any  regular  meeting  of 
the  Association,  but  only  by  a  vote  of  two-thirds  of  those  present, 
and  provided  that  ten  days'  notice  in  writing  of  the  proposed 
amendment  shall  have  been  given  to  the  Board  of  Managers,  and 
also  that  notice  of  the  same  shall  have  been  given  by  the  Secretary 
in  the  call  for  the  meeting. 
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